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This  month  we  are  including  the  Call  for  Papers  for  our  49th  Shock  and  Vibration 
Symposium.  As  always,  we  expect  this  to  be  an  interesting,  productive  meeting. 
We  hope  that  many  of  our  readers  plan  to  attend.  I would  call  your  particular 
attention  to  the  potential  program,  which  is  expected  to  be  formed  based  upon 
our  greatest  needs  coupled  with  the  most  significant  contributions.  I ask  each  of 
you  to  consider  your  own  work  and  accomplishments.  Can  you  contribute  to  the 
advancement  of  our  technology?  The  forms  at  the  back  of  this  issue  are  for  that 
purpose.  We  would  be  pleased  to  receive  your  proposed  contribution. 

In  connection  with  this  publication,  we  are  once  again  seeking  input  from  our 
readers  on  ways  of  improving  its  usefulness.  Over  the  past  ten  years  we  have, 
whenever  possible,  formulated  the  contents  of  this  DIGEST  based  upon  the  needs 
of  the  technical  community.  Your  opinions  on  how  well  we  have  done  our  job, 
as  well  as  suggestions  as  to  how  we  can  do  it  better  are  earnestly  solicited.  Please 
take  a few  minutes  to  fill  out  and  mail  the  form  at  the  back  of  this  issue.  I will 
be  most  grateful. 

As  we  go  beyond  the  survey  mentioned  above  and  as  future  issues  are  delivered, 
I ask  that  you  not  be  hesitant  in  corresponding  with  me.  As  readers,  your  input 
is  invaluable.  Tell  us  when  we  have  committed  sins  of  omission.  Give  us  your 
opinion  on  a regular  basis  on  good  and  bad  features.  On  controversial  issues  we 
will  be  happy  to  publish  discussions  and  rebuttals.  In  general,  I think  a continuing 
dialogue  between  reader  and  publisher  can  only  serve  the  common  good. 

H.C.P. 
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EDITORS  RATTLE  SPACE 

TECHNICAL  PAPERS:  QUANTITY  OR  QUALITY 

At  a recent  major  meeting  of  the  ASME,  one  of  the  major  issues  being  discussed 
involved  the  right  of  each  member  to  receive  twenty  free  technical  papers.  This 
issue  came  to  be  controversial  because,  as  a budgeting  matter,  a small  handling 
charge  was  assessed  for  each  paper.  The  Society  had  to  assess  this  charge  or  find 
other  means  of  deferring  the  cost  of  its  publication  program.  This  action  is  a sign 
of  the  times.  The  cost  of  issuing  technical  publications  has  risen  along  with  the 
quantity  of  them.  What  it  all  means  is  that  eventually  the  prohibitive  cost  of  pub- 
lication is  going  to  stop  the  proliferation  of  technical  material.  Whether  good  or  bad 
material  will  suffer  from  lack  of  publication  remains  to  be  seen.  A review  of  past 
efforts  on  cost  cutting  and  selection  of  material  for  publication  is  interesting. 


At  one  time  every  author  thought  it  was  his  or  her  right  to  publish  research  results, 
good  or  bad,  without  cost.  They  did  not  expect  to  get  paid  for  writing  the  paper; 
however,  they  surely  did  not  expect  the  publication  to  cost  them  anything.  This 
was  the  way  it  was  before  the  advent  of  the  page  charge.  About  ten  years  ago  some 
major  societies  noted  that  subscriptions  to  technical  journals  did  not  cover  the 
costs  of  processing  and  printing.  Rather  than  raise  the  price  of  the  journals,  they 
decided  to  levy  a page  charge  for  publication.  I suspect  it  was  the  first  attempt 
to  induce  people  to  be  more  selective  about  what  they  would  submit  for  publica- 
tion. It  didn't  work  very  well  because  the  page  charge  was  paid  by  the  author's 
company,  if,  in  fact,  it  was  paid  at  all.  In  the  end,  payment  of  the  page  charge  was 
not  mandatory  for  publication.  While  it  did  generate  some  revenue,  it  was  not 
enough  to  significantly  affect  publication  costs. 


The  next  cost  cutting  procedure  involved  the  quality  of  editing,  layout,  and  print- 
ing. Some  journals  reduced  editorial  staff  thus  degrading  accuracy.  Others  sought 
means  of  reducing  printing  costs  by  using  typewriters  or  cold  type  rather  than  hot 
type.  After  all  these  compromises  we  are  still  faced  with  the  basic  problem  that  we 
cannot  afford  to  publish  trivial  or  reworked  technology. 

The  cost  of  good  papers  to  users  has  never  been  an  issue.  If  the  work  is  good  and 
will  help  to  solve  a problem,  the  user  will  pay  the  real  cost  of  publication.  After 
all  this  does  not  include  the  cost  of  research  and  engineering  involved  in  generating 
the  technology.  The  right  of  the  ASME  members  to  receive  twenty  papers  free  is 
a separate  issue,  however,  it  does  have  a bearing  on  publication  costs.  These  costs 
are  small  compared  to  those  incurred  by  indiscriminate  paper  publication. 

To  what  conclusion  does  all  this  discussion  lead  us?  Two  facts  of  life  are  evident. 
First,  we  can  no  longer  afford  to  publish  trivial,  reworked,  repeated  technology. 
Second,  we  need  to  stop  rewarding  people  for  quantity  of  publication  and  find 
some  reward  mechanism  for  quality.  If  we  don’t  get  the  publication  process  in  or- 
der, it  is  likely  that  some  good  work  will  suffer  from  lack  of  publication  while  the 
trivial  material  continues  to  be  published. 
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COMPUTER  PROGRAMS  FOR  THE  DIRECTIONAL  RESPONSE  OF  HIGHWAY  VEHICLES 

J.E.  Bernard* 


Abstract  • This  review  daiinaatas  tha  stata  of  tha  art 
in  tha  simulation  of  tha  directional  response  of 
highway  vehicles.  Modeling  of  tires,  brakes,  and 
suspensions  is  stressed.  Two  peripheral  matters  - 
path-following  techniques  and  the  choice  of  com- 
puter hardware  - are  also  considered. 

A systematic  investigation  of  the  problems  of  vehicle 
handling  appeared  in  the  literature  during  the  1930s 
and  1940s  with  the  pioneering  work  of  Olley  (1). 
Subsequent  investigators  developed  linearized  equa- 
tions whose  solution  would  yield  the  trajectory  of 
a vehicle  subject  to  steering  [2]  and  the  ride  motions 
of  a vehicle  subject  to  rough  road  input  [31 . Further 
advances  in  linear  analysis  have  included  transfer 
functions  for  the  driver  [4]  and  a detailed  con- 
sideration of  the  roll  degree  of  freedom  (5) . 

Efforts  have  also  been  directed  at  analyzing  various 
nonlinear  aspects  of  vehicle  systems.  Perhaps  the 
best  overview  of  this  subject  is  that  of  Ellis  16) . 
The  equations  of  vehicle  motion  can  become  diffi- 
cult in  the  general  case;  it  is  not  surprising,  there- 
fore, that  computer  simulation  has  been  frequently 
used  by  vehicle  dynamicists. 

Perhaps  the  best  known  early  computer  simulation 
was  that  of  Ellis  [7],  who  developed  in  1961  a 
three -degree -of -freedom  analog  computer  model  for 
studying  the  lateral  motion  of  an  articulated  vehicle. 
Since  that  time,  the  advent  of  ever  more  sophisticated 
equipment  has  allowed  simulations  of  increasing 
complexity.  Many  research  facilities  now  use  highly 
nonlinear  passenger  car  simulations  with  at  least 
14  degrees  of  freedom,  including  six  degrees  of 
freedom  for  the  vehicle  body,  a vertical  or  wheel 
hop  degree  of  freedom  for  each  wheel,  and  a spin 
degree  of  freedom  for  each  wheel.  In  addition, 
investigators  have  developed  simulations  that  include 
impacts  with  curbs,  other  vehicles,  and  massive 
barriers. 

These  multi-degree-of-freedom  nonlinear  simulations 
are  reviewed  below.  However,  this  is  not  to  suggest 
that  less  complex  models  or  linear  analysis  are  less 
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worthy  tools.  The  trade-offs  inherent  in  the  com- 
plexity of  vehicle  simulations  have  been  discussed 
18). 

A very  large  number  of  vehicle  simulations  are  in 
use  throughout  the  world.  No  attempt  is  made  to 
rank  these  programs  in  this  review.  (Several  simula- 
tions in  the  public  domain  in  the  United  States  have 
already  been  reviewed  [9) , and  a brief  critical  review 
of  several  simulations  of  international  stature  has 
been  published  (10).)  The  following  discussion  is 
an  attempt  to  delineate  the  state  of  the  art  with 
particular  attention  to  three  key  areas,  tires,  brakes, 
and  suspensions.  Two  short  sections  are  concerned 
with  simulation  methodology;  the  first  has  to  do 
with  path-following  and  inverse  techniques,  the 
second  the  choice  of  computer  hardware. 

Vehicle  ride  is  not  explicitly  treated  in  this  review, 
but  the  models  under  discussion  have  sufficient 
degrees  of  freedom  to  allow  consideration  of  rigid 
body  ride  motion  in  depth.  However,  ride  quality 
is  now  understood  to  depend  as  much  on  beaming 
motion  as  on  rigid  body  motion.  Thus,  an  additional 
body  of  related  literature  has  appeared,  much  of 
it  concerned  with  analysis  in  the  frequency  domain 
(11,  12). 


THE  FORCES  AND  MOMENTS 
AT  THE  TIRE-ROAD  INTERFACE 

Because  the  trajectory  of  the  vehicle  is  almost  en- 
tirely dependent  on  forces  and  moments  applied  to 
the  vehicle  from  the  road,  the  representation  of  the 
tire-road  interface  is  of  primary  interest  in  vehicle 
simulation.  A schematic  diagram  of  a tire  showing 
these  forces  and  moments  at  the  tire-road  inter- 
face is  presented  in  the  Figure. 

The  two  purposes  for  modeling  these  forces  and 
moments  are  to  aid  in  understanding  tire  mechanics 
and  to  facilitate  the  simulation  of  selected  tire- 
vehicle  combinations.  Although  these  two  purposes 
are  not  entirely  exclusive,  the  former  is  usually 
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considered  to  involve  a detailed  understanding  of 
the  role  of  various  tire  properties:  toroidal  geometry 
of  the  tire,  cord,  angles,  plies,  and  belt  compounding. 
The  second  purpose  is  to  relate,  as  expeditiously 
as  possible,  the  forces  and  moments  at  the  tire-road 
interface  to  tire-road  kinematics.  This  second  pur- 
pose is  of  concern  in  this  review. 

Consider  first  the  calculation  ot  the  forces  at  the 
tire-road  interface.  The  forces  are  traditionally 
represented  by  a simple  model  for  the  normal  force 
and  a more  oomplex  model  for  the  shear  force. 

Normal  Forces 

The  choice  of  a simple  model  for  the  normal  force 
reflects  the  fact  that  the  simple  model  works  very 
well  for  smooth  road  simulations,  which  are  usually 
used.  (Attempts  to  model  the  normal  force  in  the 
presence  of  more  demanding  terrain  have  been 
described  113].)  The  present  discussion  is  restricted 
to  situations  in  which  normal  forces  can  be  expected 
to  be  a straightforward  function  of  the  position 
of  the  tire.  Methods  for  predicting  and  computing 
shear  forces  are  briefly  outlined  below.  A historical 
overview  of  this  subject,  as  well  as  the  development 
of  associated  experimental  techniques,  has  been 
published  [8] 


Shear  Forces 

The  variety  of  models  that  have  been  proposed  for 
the  shear  forces  at  the  tire-road  interface  are  de- 
noted in  this  review  as  semi  empirical,  in  contrast 
to  empirical  models,  for  which  all  needed  data  are 
obtained  and  directly  entered  into  a vehicle  simula- 
tion [10],  Empirical  models  range  from  extremely 
simple  ones,  in  which  lateral  forces  are  computed 
from  a measured  slope  at  zero  slip  angle  and  a mea- 
sure of  the  maximum  force  (7]  to  relatively  com- 
plex algorithms,  in  which  the  input  includes  data 
measured  at  several  loads  and  slip  angles  [10], 

The  character  of  the  input  tire  data  needed  for 
effective  computer  simulation  varies  with  the  pur- 
pose of  the  calculations.  But  some  measured  data 
are  needed  so  that  the  calculations  can  be  com- 
pared favorably  with  field  tests.  Further,  if  maneuvers 
that  push  the  tire  into  its  nonlinear  range  are  to 
be  considered  (nominally  above  0.3  g on  a dry 
surface),  it  is  desirable  to  use  input  data  from  tests 
of  the  tire-surface  combination  of  interest 

Of  course,  neither  extreme  care  in  modeling  the 
tire  nor  laige  quantities  of  input  data  are  warranted 
in  every  instance.  In  fact,  a simple  tire  model  with 
a correspondingly  small  ompirical  burden  for  input 
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data  may  well  suffice  for  low  intensity  turning  longitudinal  and  lateral  forces  are  obtained  by  in 

maneuvers  or  for  braking  maneuvers  that  aie  either  tegiating  the  shear  stresses  over  the  contact  area 

of  low  enough  intensity  so  as  to  be  well  below  the 
limits  of  the  adhesion,  or  of  such  high  intensity 

as  to  clearly  preclude  any  rolling  of  the  tire.  More  This  procedure,  which  was  first  presented  in  1970 

care  is  required  for  the  following  when  the  level  116),  has  been  used  in  a number  of  vehicle  dynam 

of  turning  pushes  the  tire  into  its  nonlinear  range,  ics  studies  (17).  A negative  feature  has  been  that 

when  braking  near  the  limits  of  adhesion  occurs,  the  predictions  of  treerolling  lateral  force  were 

or  when  simultaneous  braking  and  turning  occur.  often  not  representative  of  real  tires  because  so 

many  simplifying  assumptions  had  to  be  made 
In  the  case  of  braking  and  turning,  which  is  the  most  The  assumption  that  the  normal  pressure  at  the 

difficult  smooth  road  simulation,  either  of  two  tire-road  interface  is  uniform  leads  to  reasonable 

options  may  be  used  - a classical  or  a modern  ap-  results  for  radial  tires  and  inferior  results  for  most 

proach.  The  classical  approach  entails  a three-step  bias  and  bias  belted  tires.  Improvements  to  remedy 

procedure  this  situation  have  been  presented  )8) . Thus  the 

state  of  the  art  now  includes  the  capability  to  ac- 

1.  calculation  of  longitudinal  force.  Fx.  on  the  curately  model  measured  braking  and/or  turning 

basis  of  longitudinal  slip  and  normal  load  shear  forces  using  either  modern  or  classical  models. 

2.  calculation  of  free-rolling  lateral  force,  Fy, 
on  the  basis  of  lateral  slip  and  normal  load. 

3.  calculation  of  the  lateral  force,  Fy.  on  the  The  advantage  of  modern  techniques  is  that  cal 

basis  of  F x and  Fy  culation  of  the  interaction  between  Fx  and  Fy  is 

based  on  a carefully  conceived  model  of  the  tire- 
The  strength  of  this  approach  lies  in  its  conceptual  road  interface  rather  than  on  the  modification  of 
simplicity  --  virtually  any  formulation  can  be  used  Fx  and  Fy  based  on  a preordained  rule  that  might 

to  compute  Fx  in  Step  1 and  Fy  in  Step  2.  Step  3 be  inadequate.  A carefully  conceived  model  is  par 

can  then  be  a friction  ellipse  |)3J,  or  a tabular  ticularly  important  in  maneuvers  involving  turning 

function  modifying  Fy  as  a function  of  longitudinal  while  braking  under  action  of  anti  skid  brake  systems, 

slip  [10.  14) . 

The  success  of  this  methodology  has  derived  in  large  Moments 

part  from  the  fidelity  of  the  calculations  of  Fx  The  moment  about  the  z axis  in  the  Figure,  the 

and  Py  The  Fx  calculations  have  been  based  upon  so-called  aligning  torque,  is  important  to  vehicle 

tabular  ji-slip  curves  that  can  be  made  as  accurate  directional  response  as  a result  of  two  separate 

as  is  deemed  reasonable,  and  the  Fy  calculations  effects,  namely,  the  modification  of  steer  angles 

have  been  based  on  the  Fiala  formulation  (15),  due  to  the  action  of  aligning  torque  on  a compliant 

which  invariably  provides  a reasonable  fit  to  mea  steering  system,  and  the  overall  stabilizing  effect 
sured  free-rolling  tire  data  for  bias  and  bias-belted  on  linear  range  turning  maneuvers.  The  overturning 

tires.  An  additional  positive  factor  in  favor  of  this  moment  (about  the  x axis)  and  the  rolling  resistance 

approach  derives  from  the  tendency  of  a braked  (about  the  y axis)  are  of  lesser  importance  and  are 

wheel  to  go  to  full  lock  in  a severe  braking  maneuver.  often  neglected  in  computer  simulations  of  vehicle 

In  this  instance  the  tire  r node!  need  only  predict  directional  response 
the  lateral  and  longitudinal  forces  associated  with 
a sliding,  locked  wheel. 

Aligning  torque  has  not  thus  tar  been  modeled  with 
Newer  and  so-called  modern  approaches  to  the  any  success  tor  use  in  computer  simulation.  Rather, 
modeling  of  shear  force  generation  contrast  with  the  procedure  has  been  to  directly  load  in  measured 

the  above-defined  classical  approach  in  that  the  data  [10|  or  to  fit  the  measured  data  to  a curve  and 

shear  stresses  in  the  contact  patch  are  calculated  load  the  curve  fit  parameters  into  the  simulation 

as  a function  of  longitudinal  and  lateral  slip,  nor  [181.  An  appiopriate  reference  for  modeling  efforts 

mal  load,  and  normal  pressure  distribution.  The  in  this  area  was  published  in  1974  1191 
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BRAKE  SYSTEMS 

In  brakes,  as  in  tires,  there  are  two  distinct  purposes 
for  mathematical  modeling.  Brakes  are  modeled  to 
aid  in  the  understanding  of  brake  systems  and  to 
facilitate  the  simulation  of  selected  vehicle-brake 
systems.  To  aid  in  the  understanding  of  brake  sys- 
tems. several  models  have  been  proposed  that  allow 
the  calculation  of  brake  torque  using  submodels 
of  such  components  as  linings,  drum,  and  cylinders 
A few  of  these  efforts  have  led  to  models  simple 
enough  to  use  in  vehicle-brake  system  simulation 
[201 

Calculations  aimed  at  vehicle-brake  system  analysis 
are  more  often  performed  using  tables  of  brake 
dynamometer  data  as  input  to  a simulation.  Either 
of  two  types  of  a dynamometer  data  are  commonly 
procured  - an  inertial  dynamometer  can  be  loaded 
with  the  desired  rotational  inertia  for  spin  down 
tests,  or  an  instrumented  vehicle  may  be  used  as 
a dynamometer  in  carefully  controlled  braking 
tests  (A  third  method,  using  constant  velocity 
tests,  has  been  presented  [211.) 

Whatever  the  particulars  of  the  test  methodology, 
however,  variations  in  brake  torque  at  a constant 
pressure  will  be  obvious.  But  even  though  the  varia- 
tions are  obvious,  the  functional  dependence  of 
variations  on  computable  variables  is  not  accurate. 
Calculation  of  brake  torque  for  use  in  simulation 
of  vehicle  maneuvers  thus  remains  beyond  the  state 
of  the  art.  Further  information  has  been  published 
[22.  23.  241 . 

It  should  be  emphasized  that,  despite  the  fact  that 
accurate  calculations  are  beyond  the  state  of  the 
art.  useful  simulations  of  braking  vehicles  are  often 
performed.  They  range  from  extremely  simple 
calculations  to  aid  in  sizing  the  brakes  of  particular 
vehicles  [251  to  extremely  complex  commercial 
vehicle  anti  skid  braking  simulation  [261 . 

SUSPENSION  SYSTEMS 

Historically,  models  have  ranged  from  a fixed  inclined 
roll  axis,  as  suggested  by  Segel  [21  in  his  pioneering 
work  on  linear  analysis,  to  those  with  extremely 
general  capabilities  [10] . The  limits  presently  im- 
posed on  the  accuracy  of  the  simulation  involve 


the  expense  necessary  to  measure  the  parameters 
needed  as  input  data  rather  than  the  mathematical 
models  themselves.  An  explanation  of  a measurement 
facility  designed  to  procure  all  the  needed  parameters 
has  been  given  [271 . 

It  is  mainly  in  commercial  vehicle  suspensions  that 
new  approaches  have  been  indicated  in  recent  publi 
cations.  The  facets  of  this  area  that  have  received 
special  attention  are  tandem  axle  dynamics  [28, 
29)  and  the  handling  of  large  amounts  of  coulomb 
friction  [30] . 

SOME  NOTES  ON  PATH  FOLLOWING 

In  traditional  nonlinear  vehicle  simulations,  the 
input  variables  include  the  actions  of  the  driver  via 
steering  motions  (steering  wheel  angle  or  road  wheel 
angle)  and  braking  levels  (line  pressure).  The  output 
is  then  the  vehicle's  motion,  as  indicated  by  the 
calculated  state  variables.  Thus,  validation  work 
has  involved  calculating  vehicle  motions  based  on  a 
given  input,  applying  this  same  input  to  a test  vehicle, 
and  then  comparing  measurements  and  calculations. 
The  advantage  of  the  relatively  clean  validation 
methodology  is  offset  by  the  disadvantage  that 
time-varying  steering  and  braking  must  be  determined 
a priori,  thus  making  impossible  the  use  of  calcula- 
tions to  study  the  demands  placed  on  a vehicle  or 
driver  vehicle  system  attempting  to  follow  a given 
path. 

One  usef"l  modification  of  traditional  techniques 
has  been  wagon-tongue  steering  [131 , in  which  steer 
angle  calculations  are  based  on  the  error  between 
the  vehicle's  path  and  some  desired  path.  Such 
calculations  can  be  cumbersome,  however,  because 
the  loop  must  be  very  carefully  closed  to  avoid 
unwanted  oscillations.  (The  ultimate  loop  closure, 
a model  of  the  driver,  is  briefly  discussed  below.) 

A more  frequently  used  mechanism  for  path-follow- 
ing is  the  inverse  technique,  in  which  the  path  re- 
places steering  and  braking  as  an  input  function 
of  time,  and  the  steering  and  braking  levels  become 
state  variables  to  be  computed.  Two  well-known 
examples  of  the  inverse  technique  have  been  pub 
lished  [31,321. 

The  advantage  of  the  inverse  technique  is  that  a 
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particular  path  of  interns!  can  bo  used  as  input. 
Disadvantages  include  the  inet eased  difficulty  of 
validation  and  the  fact  that  highly  complex  models 
do  not  lend  themselves  to  the  required  variable  in- 
version Further,  such  timely  topics  as  antilock  brake 
analysis  are  incompatible  with  inverse  techniques 

The  obvious  extension  of  this  work  would  bo  to 
model  the  performance  of  driver  vehicle  as  a system, 
a task  now  beyond  the  state  of  the  art  Howevei . 
promising  related  work  in  this  aiea  has  been  pet 
formed  using  linear  models  (4) 

THE  METHODOLOGY  OF  THE 
CALCULATIONS  - AN  OVERVIEW 

It  is  obvious  that  mathematical  tools  arid  computer 
hatdware  are  available  to  perform  several  tasks  of 
interest  in  vehicle  simulations.  A related  question 
that  merits  attention  is  a mechanistic  one  should 
analog,  hybrid,  or  digital  calculations  bo  used? 
The  answer  to  this  question  has  been  changing  as 
computer  hardware  has  evolved  A reasonable  posi 
tion  at  the  present  time  includes  the  following 

1 Analog  hardware  is  valuable  for  its  potential 
for  real  time  use  However,  significant  digital 
capability  is  required  to  handle  the  kinematics  of 
the  most  complex  models  and  to  compute  the 
shear  forces  at  the  tire-road  interface  Purely 
analog  operations  are  thus  limit**!  to  relatively 
simple  models 

2 Hybrid  simulation  is  clearly  appropriate  in  many 
instances,  particularly  those  in  which  several 
(hundreds,  at  least)  similar  calculations  are 
frequently  performed  in  open  loop  sequence  or 
in  which  real  time  capability  is  required  (10, 
141  (Not  all  hybrid  vehicle  simulations  run 
real  time,  as  the  digital  side  may  not  be  able 
to  keep  up  ) 

3.  Digital  calculations  have  two  advantages  over 
nybrid  calculations  the  programs  can  easily  be 
modified,  and  continuing  maintenance  is  not 
necessary  The  major  drawbacks,  compared 
to  hybrid  computation,  are  the  inability  to 
perform  real  time  calculations  and  the  expense 
associated  with  a large  number  of  runs.  (The 
expense  of  digital  calculations  is  approximately 


linear  with  the  number  of  runs,  hybrid  costs 
drop  as  setup  time  is  amortized  over  more  tuns  ) 
However,  costs  of  digital  calculations  continue 
to  diop  due  to  hardware  improvements  and 
software  modifications  1331 
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•urvty  and  avtalysis 
of  th#  Shock  and 
Vibration  litaratura 


Tht*  monthly  Literature  Review,  a subjective  critique  and  summary  of  the  liters- 
lure,  consists  of  two  to  tout  review  articles  each  month.  3,000  to  4,000  words  in 

I length  The  purpose  of  this  section  is  to  present  a "digest"  ot  literature  over  a 

period  of  three  years  Planned  by  the  Technical  Editor,  this  section  provides  the 
OIGEST  reader  with  up-to-date  insights  into  current  technology  in  more  than 
150  topic  areas  Review  articles  include  technical  information  from  articles,  reports, 
and  unpublished  proceedings.  Each  article  also  contains  a minor  tutorial  of  the 
technical  area  under  discussion,  a survey  and  evaluation  ot  the  new  literature,  and 
recommendations.  Review  articles  at  i wr  itten  by  experts  in  the  shock  and  vibration 
field 

* 

In  this  issue  ot  the  DIGEST  a series  of  four  aiticles  on  seismic  waves  by  Dr  S De 

I are  initiated  An  introduction  to  seismic  waves  is  provided  in  this  issue 

The  last  article  on  parametric  vibrations  involving  stochastic  problems  written  by 
Dts  RA  Ibrahim  and  J.W.  Roberts  is  included  in  the  literature  review. 


ON  SEISMIC  WAVES 
FART  I.  INTRODUCTION 


S.  De* 


Abstract  - This  review  of  Seismic  Waves  is  divided 
into  four  parts: 

I.  Introduction 

II.  Surface  Waves  and  Guided  Waves 

III.  Mathematical  Methods  (1) 

IV.  Mathematical  Methods  (2) 

The  articles  review  principal  developments  and 
recent  literature  in  the  area. 

Any  event  that  causes  sudden  motion  of  a part  of 
the  earth  --  from  a falling  boulder  to  an  earthquake  - 
causes  a seismic  disturbance.  Earthquakes  caused 
by  the  release  of  elastic  strain  energy  are  called 
tectonic  earthquakes.  Small  ground  movements 
that  last  one  or  two  seconds  and  are  due  to  such 
local  disturbances  as  traffic  or  wind  are  called  micro- 
seisms. Seismology  involves  the  study  of  the  pro- 
pagation of  elastic  waves. 

Seismic  properties  of  earth.  The  earth  consists  of 
three  zones  --  crust,  mantle,  and  core.  The  outermost 
30  to  40  km  (18  to  24  mi),  often  referred  to  as  the 
crustal  layer,  is  much  more  heterogeneous  than 
the  region  below,  at  least  in  continental  regions. 
A study  of  seismograms  during  an  earthquake  in 
1910  showed  that  the  velocities  of  waves  known  as 
primary  (P)  and  secondary  (S)  increased  abruptly 
below  a depth  of  about  50  km  [1,  2] . This  abrupt 
change,  known  as  the  MohoroviSif  discontinuity 
(Moho)  after  the  man  who  discovered  it,  was  at- 
tributed to  a change  in  the  character  of  the  crustal 
layers  (Figure  1).  The  Moho  marks  the  bottom  of 
the  earth's  crust  and  separates  it  from  the  mantle. 
There  is  a world  wide  discontinuity  in  the  mantle 
at  a depth  of  about  500  km. 

The  density  of  the  mantle  increases  from  about 
3.3  g/cm3  just  below  the  MohoroviXi?  discontinuity 
to  about  5.7  g/cm3  at  the  lower  boundary  of  the 
mantle.  It  then  increases  from  9.4  g/cm3  to  11.5 
g/cm3  at  the  bottom  of  the  outer  core.  The  density 
is  much  greater  in  the  inner  core.  Rigidity  (resistance 
to  shearing  stress)  increases  in  the  mantle,  the  lower 
•Old  Engineering  Office,  (Qrs.)  Santiniketan,  Birbhum, 
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limits  being  almost  four  times  more  rigid  than  steel. 
The  outer  core  is  not  very  rigid;  indeed,  it  is  said 
to  be  fluid. 


Figure  1.  Velocity  as  a Function  of  Depth 
According  to  H.  Jeffreys 

Incompressibility  (resistance  to  pressure)  does  not 
change  substantially  at  the  core  boundary.  The 
pressure  is  about  1.3  x 106  atmospheres  at  the 
bottom  of  the  mantle  and  about  4x10®  atm.  at  the 
center  of  the  earth.  Bullen  [3]  concluded  that  the 
inner  core  is  most  likely  solid. 

Granite,  one  of  the  main  constituents  of  the  con- 
tinental crust,  is  absent  under  the  deep  oceans, 
where  the  crust  is  appreciably  thinner  than  that 
underlying  the  continents.  The  upper  mantle  is 
thought  to  consist  of  ultrabasaltic  rock  rich  in  olivine. 
The  character  of  olivine  is  believed  to  change  in 
regions  where  velocities  of  seismic  waves  increase 
strongly.  At  one  time  it  was  thought  that  the  core 
consisted  of  iron  and  nickel,  but  recent  investigations 
suggest  that  the  outer  core  consists  of  material  similar 
to  that  of  the  mantle  but  transformed  by  the  pre- 
vailing high  pressure.  The  inner  core  is  still  believed 
to  consist  chiefly  of  iron  and  nickel. 
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Name 

Region 

Range  of  Depth 
(miles) 

P Velocity 
(miles/sec) 

S Velocity 
(miles/sec) 

crustal 

A 

0-25 

widely 

widely 

layers 

(density  just  below  the 
crust,  * = 3.3  g/cm3) 

variable 

variable 

B 

25  - 250 

(i p » 3.3  3.6 g/cm3) 

5.0  - 5.6 

27-3.1 

mantle 

C 

250  - 600 

(*=3.6-47  g/cm3) 

5.6-  7.1 

3.1  -4.0 

D' 

600-1700 

(*  = 4.7  - 5.7  g/cm3) 

7.1  -8.5 

4.0  ■ 4.6 

D" 

1700- 1800 
(*«4.7  -5.7  g/cm3) 

8.5 

4.6 

outer  core 

E 

1800-3100 
(9.4  - 11.5 g/cm3) 

5.0  - 6.8 

assumed  zero 

transition  region 

F 

3100-3200 

6.8  -7  .0 

not  observed 

inner  core 

G 

3200  - 3960 

7.0 -7.1 

not  observed 

A sharp  jump  in  density  occurs  in  the  ratio  1 .65  across  the  boundary  between  the  mantle  and  the  central  core. 
The  density  at  the  center  of  the  earth  is  between  14.5  and  18. 
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Waves  travel  more  slowly  in  the  crust  than  in  the 
mantle  beneath;  waves  passing  through  the  crust 
are  therefore  refracted  and  bent  upward  when  they 
meet  the  mantle.  Both  refracted  and  direct  waves 
will  reach  the  surface  within  a certain  distance  from 
their  origin  (Figure  2).  The  refracted  wave  will  over 
take  the  direct  wave  because  the  former  travels 
faster  in  the  lower  layer.  But,  because  its  path  is 
longer,  more  energy  is  lost  and  the  phase  recorded 
on  a seismogram  will  be  smaller  than  that  due  to  the 
direct  wave  Therefore  a small  P phase  appears 
succeeded  by  another  much  larger  P phase. 


f e 


Figure  2.  Direct  and  Refracted  Rays  from  Focus 
(F)  to  Epicenter  (E)  (see  text) 


General  features  of  waves.  The  waves  that  constitute 
an  earthquake  are  of  two  types:  body  waves  which 
travel  through  the  interior  of  the  mass  in  which  they 
are  generated;  and  surface  waves  which  travel  only 
along  the  surface.  Surface  waves  contribute  mostly 
to  the  disturbance  in  the  far-field  and  consequently 
are  responsible  for  most  of  an  earthquake's  disas- 
trous effects.  Although  surface  waves  travel  near  the 
earth's  surface,  their  energy  is  distributed  to  con- 
siderable depths.  The  energy  of  a long  wave  thus 
penetrates  to  a greater  depth  than  that  of  a short 
wave.  Because  wave  velocity  increases  with  depth 
due  to  the  character  of  the  earth,  the  energy  of  a 
wave  travels  faster  than  that  of  a shorter  wave  and 
arrives  first  at  a distant  station.  The  rate  of  disper- 
sion of  surface  waves  is  used  to  study  changes  in 
wave  velocity  with  distance  from  the  earth's  sur- 
face [4,  5] . 

The  study  of  body  waves  provides  information  about 
the  nature  of  the  forces  acting  at  the  point  at  which 
an  earthquake  originates  and  about  the  character 
of  the  earth's  interior.  The  earth  can  be  considered 
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an  unbounded  isotropic  solid.  Two  types  of  elastic 
wave  can  be  propagated  in  such  a solid:  dilatational 
(irrotational)  and  distortional  (equivoluminal).  The 
earth  transmits  seismic  waves  because  it  contains 
deformable  material,  but  the  earth  is  not  perfectly 
elastic  near  the  surface.  The  manner  of  transmission 
of  seismic  waves  through  such  inelastic  substances 
is  not  well  known,  but  in  general  the  same  types 
of  pulses  are  to  be  expected.  The  main  effects  are 
distortion  of  pulse  shape,  increased  energy  absorp- 
tion, and  the  spread  of  the  pulse  in  time  (6] . Dila- 
tational waves  travel  at  a velocity  of  [(X  + 2p)/p)  '/l. 
The  velocity  of  distortional  waves  is  equal  to  (p/p*'^. 
In  these  expressions  X and  p are  Lame's  constants 
and  p is  the  density  of  the  medium. 

The  first  type  of  elastic  wave  that  radiates  into  the 
earth  during  an  earthquake  is  known  as  a sound  wave 
or  push-pull  wave.  Such  waves  can  travel  through 
any  material  --  solid,  liquid,  or  gas.  The  particle 
motions  are  parallel  to  the  direction  of  energy  trans- 
mission. 

When  an  earthquake  occurs,  the  point,  or  limited 
region,  from  which  energy  first  radiates  is  called  the 
focus  or  hypocenter.  No  focus  has  been  recorded 
at  a depth  greater  than  700  km.  The  distance  from 
the  focus  to  the  surface  is  so  much  larger  than  the 
dimensions  of  the  focal  region  that  the  curvature  of 
wave  fronts  can  be  neglected.  The  epicenter  - the 


point  of  the  earth's  surface  directly  above  the  focus  - 
can  be  estimated  from  the  time  interval  between  two 
responses,  one  caused  by  a transverse  wave  and 
the  other  by  a longitudinal  wave. 

Three  wave  patterns  are  recorded  on  seismographs 
primary  (P|,  secondary  (S).  and  long  (L).  S waves 
are  usually  larger  in  amplitude  than  P waves,  but 
P waves  move  faster.  P and  S waves  travel  from  the 
focus  through  the  interior  of  the  earth  to  a recording 
station. 

In  general,  L waves  lack  a distinct  beginning  and 
gradually  increase  in  amplitude  The  earliest  L waves 
generally  have  the  longest  periods  They  travel  from 
the  epicenter  along  tho  earth's  surface  to  the  record 
ing  station,  arriving  after  P and  S waves  (Figure  3). 

A series  of  L waves  that  arrives  at  a station  panic 
ularly  early  and  has  an  exceedingly  long  period  is 
generated  by  a pulse  called  a G pulso.  The  largest 
L wave  is  labeled  M,  the  (.tan  of  the  earthquake 
following  this  maximum  wave  is  called  the  coda  16) . 

P pulses  produce  dilatational  waves,  and  S pulses 
produce  shear  waves.  In  seismology,  an  S wave  so 
polari/ed  that  all  particles  move  horizontally  during 
its  passago  is  known  as  an  SH  wave.  When  the  pat 
tides  move  in  vertical  planes,  one  ol  which  is  tho 
direction  of  propagation,  the  wave  is  known  as  a 


Figure  3.  Typical  Recorded  Weve  Petterns.  Primary  (P)  Waves,  Reflected  P (PP)  Waves, 
Secondary  (S)  Waves,  Reflected  S (SS)  Waves,  and  Surface  (L)  Waves 


13 


SV  wave  Travel  tune  tables  are  user!  to  determine 
velocity  distributions  of  P and  S waves  in  the  earth. 

Not  ail  of  the  strain  energy  accumulated  in  the 
earth  is  released  during  a single  earthquake  The  total 
energy  of  the  aftershocks  can  equal,  and  even  exceed, 
that  of  the  original  shock  Sometimes  many  hundred 
of  aftershocks  occur  over  a period  of  months 

The  degree  of  violence  of  an  earthquake  is  assessed 
according  to  the  degree  of  shaking  perceptible  to 
humans,  the  degree  to  which  man-made  structures 
ate  datnagtxf.  and  the  nature  of  visible  deformations 
of  the  earth  itself  The  energy  releasol  during  an 
earthquake  can  be  estimated  by  measuring  the 
amplitudes  of  ground  motions  recorded  by  seismo 
graphs. 

It  the  frequency  of  vibrations  caused  by  an  earth 
quake  corresponds  to  the  natural  frequency  of 
oscillation  of  any  body  of  water  a bay.  pond, 
or  lake  a resonance  phenomenon  can  occur  the 
amplitude  of  water  gradually  increases  until  the 
seismic  waves  (wss,  then  decreases  tor  a considerable 
time.  Such  oscillations,  called  seiches,  are  often 
observed  at  distances  far  from  where  an  earthquake 
is  felt  (61 

Classification  of  wavas.  Waves  can  be  classified  by 
the  number  of  reflections  the/  undergo  along  their 
path  Reflected  waves  can  be  large,  but  those  that 
are  not  reflected  are  generally  the  largest  and  most 
important.  They  include  P,  S,  PKP  (P'l,  PKS,  SKP, 
and  SKS,  K represents  longitudinal  waves  in  the 
core  (Figure  4) 

Waves  reflected  once  can  be  characterized  according 
to  the  point  of  reflection.  Waves  in  which  reflection 
occurs  at  an  obvious  point  on  the  earth's  surface 
between  the  source  and  the  station  are  designated 
PP,  PS,  SP.  SS  and  SKSP  (Figure  5)  Reflections 
at  the  outer  surface  of  the  core  are  PcP,  PcS,  ScP, 
and  ScS  Those  at  its  inner  surface  are  PKKP,  PKKS, 
SKKP,  and  SKKS.  Reflections  can  also  occui  at 
points  on  the  surface  of  the  earth  at  a great  distance 
from  both  the  epicenter  and  the  recording  station; 
those  most  often  observed  are  P'P'  and  SKPP'.  It 
is  usually  not  possible  to  distinguish  SKPP'  from 
PKSP'.  P\  SKP,  or  P'PKS.  They  arrive  at  the  station 
about  the  same  time  unless  the  hypocenter  is  very 
deep  Another  group  that  sometimes  occurs  almost 


Figure  4.  Travel-Times  for  a Surface  Focus 
(Jeffreys-Bullen) 


Figure  5.  Rays  from  Focus  (F)  to  Epicenter  (E) 
at  a Distance  of  108°  (see  text) 


1 

L 


14 


simultaneously  is  PK,  SPKS,  PKSSKP.  SKPPKS, 
and  SKPSKP  Some  SK.SSKS  have  been  observed 
Reflected  waves  comparatively  near  the  epicenter 
are  observe  ! tor  the  inost  part  during  deep  focus 
eaithquak.es.  The  notation  used  for  such  waves  and 
for  repeated  reflections  has  been  published  [7] 

Nonhomogeneities  in  the  earth's  surface  cause  reflec- 
tion and  refraction  of  the  elastic  waves  caused  by  an 
earthquake  When  a dilatational  wave  of  velocity 
C(  is  incident  on  a tree  surface,  two  reflected  waves 
are  generated  One,  a dilatational  wave,  is  reflected 
at  an  angle  equal  to  the  angle  of  incidence  a,  the 
other,  a distortional  wave  of  velocity  Cj,  is  reflected 
at  a smaller  angle  0,  where  sm0/sma  * Cj/Ct  Similar 
ly,  it  a distortional  wave  is  incident  on  a tree  bound 
ary  at  an  angle  0.  both  a distortional  and  a dilata 
tional  wave  are  generally  reflected.  The  distortional 
wave  is  reflected  at  an  angle  0 and  the  d.latational 
wave  at  an  angle  o 

The  shadow  /one  tor  the  P phase  extends  from  about 
105°  to  143°  epicentral  distance  The  P phase  is 
usually  weak  in  strong  earthquakes.  The  appearance 
of  P waves  in  the  shadow  /one  can  be  due  either  to 
diffraction  around  the  boundary  of  the  earth's  core 
or  to  a spreading  of  rays  caused  by  a gradual  decrease 
in  wave  velocity  )ust  outside  the  core  In  addition 
to  this  weak  P phase,  later  weak  P phase  occurs  in 
the  shadow  /one 

Study  of  seismic  waves.  The  theoretical  study  of  wave 
propagation  involves  solving  a partial  differential 
equation  or  a system  of  such  equations  under  certain 
initial  and  boundary  conditions  and  interpreting  the 
results  The  frequency  equation  for  surface  waves 
in  various  models  of  the  earth  having  vertical  and/or 
lateral  nonhomogeneity  and/or  anisotropy  have 
been  derived  using  the  normal  mode  theory  and  the 
ray  theory. 

The  electrical  state  of  the  earth  and  the  electrical 
properties  of  rocks  and  minerals  under  different 
geological  environments,  are  used  in  seismology 
Geoelectric  exploration  uses  the  principles  of  geo 
electricity  to  map  concealed  structures,  to  explore 
for  ores,  minerals,  and  oil,  and  to  strive  hydrogeologi 
cal  and  engineering  problems  Both  stationary  and 
variable  currents  are  used,  they  are  produced  either 
artificially  or  by  natural  processes 


Problems  involving  body  waves  have  been  solved  by 
suitably  representing  their  sources  including  arbi 
trary  shear  dislocation,  jumps  in  displacement  and 
stress  across  the  surface  passing  through  a focus, 
arbitrary  spherical  sources,  and  finite  line  sources. 

Quantities  associated  with  linear  seismic  waves  in 
elude  wavelength  and  wave  number,  period  or  fre 
quency,  and  velocity  - i.e.,  phase  velocity  and  group 
velocity  with  which  the  energy  propagates.  Special 
techniques  are  required  to  define  these  quantities 
for  nonlinear  waves  Because  no  general  methods 
exist  for  solving  nonlinear  partial  differential  equa 
tions,  specific  methods  are  used  tor  individual  prob 
lems  Analytic  and  approximate  methods  are  used, 
as  are  computers. 

Existence  and  uniqueness  theorems  applied  to  non 
linear  partial  differential  equations  (and  the  non 
linear  seismic  waves  represented  by  them)  are  im- 
portant. the  next  step  will  be  the  development  of 
a constructive  theory,  in  which  the  solution  for  a 
given  boundary  value  and  eigenvalue  problem  can  be 
put  to  practical  use. 

The  object  of  these  articles  is  to  review  principal 
developments  and  recent  literature  in  the  hope  of 
providing  research  direction.  The  mathematical 
methods  used  to  study  seismic  waves  are  outlined 
Information  about  theoretical  developments  as 
sociated  with  body  waves,  surface  waves,  and  free 
oscillations  of  the  earth  has  been  published  (81 
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PARAMETRIC  VIBRATION 
PART  V.-  STOCHASTIC  PROBLEMS 


R.A.  Ibrahim*  and  J .W.  Robert*** 


Abstract  ■ This  survey  of  the  theory  of  parametric 
vibration  and  its  related  current  problems  consists 
of  five  review  articles.  The  titles  are: 

I.  Mechanics  of  Linear  Problems 

II.  Mechanics  of  Nonlinear  Problems 

III.  Current  Problems  (1) 

IV.  Current  Problems  (2) 

V.  Stochastic  Problems 

Because  it  is  inconvenient  to  refer  to  all  published 
materials,  the  authors  have  tried  to  review  the  most 
important  literature  and  to  emphasise  recent  results. 
Parts  IV  and  V contain  lists  of  unreferenced  litera- 
ture. 

The  preceding  articles  in  this  series  reviewed  the 
deterministic  approach  to  the  analysis  of  parametric 
vibration  problems.  In  many  problems  of  engineering 
interest,  however,  either  the  excitation  or  the  time 
variation  of  the  system  parameters  is  not  periodic. 
That  the  deterministic  approach  is  an  idealization 
and  simplification  of  the  actual  behavior  of  such 
systems  during  parametric  vibration  is  known  to  the 
many  authors  who  have  investigated  such  behavior. 
In  attempting  to  overcome  this  problem,  they  have 
modeled  complex  forms  of  excitation  as  random 
processes.  The  analysis  of  such  processes  involves 
probability  theory  and  the  theory  of  stochastic 
differential  equations.  System  response  and  stability 
properties  are  characterized  by  probability  mea 
sures  and  problems  of  statistical  estimation  arise 
when  attempts  are  made  to  relate  the  results  of  such 
procedures  to  experimental  observations  In  addition, 
the  level  of  mathematical  difficulty  associated  with 
such  analyses  has  restricted  development  of  the 
theory  of  random  parametric  vibration. 

This  final  article  of  the  series  is  a review  of  published 
work  on  the  stability  and  response  of  linear  and 
nonlinear  vibratory  systems  under  random  parametric 
excitation.  A substantial  body  of  literature  exists 
on  the  stability  theory  of  stochastic  differential 
equations.  The  theory  has  been  applied  to  such 
fields  as  optimal  control,  filtering,  and  prediction 
theory,  as  well  as  structural  dynamics  A useful 


survey  of  the  various  modes  of  stochastic  stability 
has  been  published  [1 1 . 

The  present  review  is  concerned  principally  with 
work  that  is  directly  relevant  to  actual  problems  in 
engineering  dynamics  and  structural  vibration.  The 
three  methods  most  widely  used  to  analyze  random 
vibration  problems  are  the  Fokker-Planck  method, 
the  averaging  method,  and  the  Liapunov  direct 
method  The  results  obtained  with  these  approaches 
are  reviewed,  and  additional  methods  that  have  been 
applied  to  specific  problems  are  considered.  Published 
experimental  work  and  analog  computer  studies  are 
described 


THE  FOKKER-PLANCK  METHOD 

The  Fokker  Planck  method  is  valid  for  a wide  range 
of  random  excitation  problems  the  system  equa- 
tions of  which  can  be  written  in  the  form  of  a so 
called  Langevin  stochastic  differential  equation  with 
additive  white  noise  [2] . 
dx| 

" fjfxj.t)  + G(xj(t)  Wj(t)  (1) 

dt  ' 1 11 

In  equation  (1),  Xj  is  the  n dimensional  state  vector; 
fj(  ) is  a vector  function  of  the  state  variables,  possi- 
bly nonlinear;  G is  a matrix;  and  Wj (t)  is  a vector 
of  white  noise  or  shot  processes.  For  such  systems 
the  response  is  a vector  Markov  process;  that  is,  the 
conditional  probability  density  function  is  indepen 
dent  of  all  but  the  most  recent  realization. 

PU^k*  1 S.(tal A.(tk-iU 

“ PU(lk*  I *,Uk-1* 

»k>»k  1> »i 

The  evolution  of  the  transition  probability  density 
of  the  process  pU.lt)  I &(t0))  is  described  by  the 
Fokker  Planck  equation  [3-7 1 , also  known  as  the 
forward  Kolmogorov  equation. 
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n n g (3) 

+ 54  1 2 WbT  H1*-1*1 

i-1  j-1  "xl 

In  equation  (2)  aj(x^t)  and  bjj(jx,,t)  are  the  first  and 
second  incremental  moments  of  the  Markov  process 
jt(t).  These  are  determined  from  equation  (1)  as 

a'(*',t|  " 8tK)  fif  E |xj(t  + fit)  ~ xj(t)( 

Lim  1 <4> 

bij<»..t)  “ 6t*0  fit"  E{[xi(t  + 6t)'  xi<,» 

[Xj(t  + 6t)  - Xj (t ) 1 1 

E | | denotes  expectation. 

It  is  generally  not  possible  to  obtain  an  analytical 
solution  for  equation  (3)  in  terms  of  the  process 
transition  probability  function  The  existence  and 
uniqueness  of  the  solutions  of  equation  (3)  have 
been  discussed  [3,  4,  8) . Caughey  [3,  4]  deter- 
mined a number  of  conditions  for  the  governing 
equations  of  the  system  by  which  solutions  can  be 
obtained: 

• no  inertial  or  damping  coupling  exists  between 
the  generalized  coordinates  of  the  system. 

• the  correlation  function  matrix  of  the  excita- 
tion is  proportional  to  the  damping  matrix 
of  the  system. 

• the  system  restoring  forces  are  conservative. 

For  the  majority  of  dynamical  systems,  it  is  unlikely 
that  all  of  these  conditions  will  apply.  Fundamental 
solutions  of  the  Fokker-Planck  equation  have  been 
derived  for  only  a limited  number  of  special  cases 
of  systems  with  stochastic  coefficients  (9-14). 

White  Noise  Controversy 

The  Fokker-Planck  approach  has  stimulated  con- 
siderable discussion.  In  the  case  of  random  parametric 
excitation  controversial  results  have  been  obtained 
for  the  incremental  moment  coefficients  "aj"  of 
apparently  identical  systems  of  the  type  expressed 
in  equation  (1)  by  Caughey  and  Dienes  (11)  on  the 
one  hand  and  by  Kozin  and  Bogdanoff  [151  and 
Astrom  [91  on  the  other.  The  difficulty  is  the  nature 
of  the  white  noise  processes  Wj(t).  From  the  engineer- 
ing point  of  view,  white  noise  has  a flat  spectral 


density  up  to  some  high  frequency  limit  such  that 
its  correlation  time  is  very  short  compared  with  any 
characteristic  system  response  time  In  this  case 
the  sample  functions  of  the  process  are  integrable 
with  the  probability  function. 

• 

However,  for  strict  application  of  the  Markov  vector 
approach,  Wj(t)  must  be  regarded  as  mathematical 
white  noise  having  a constant  spectral  density  up  to 
infinite  frequency,  in  which  case  it  is  physically 
unrealizable,  having  an  infinite  mean  square  and  a 
correlation  function  of  Dirac  delta  form.  It  is  cus- 
tomary to  regard  such  a process  as  the  formal  deri- 
vative of  the  Brownian  or^^iener-Levy  process 

(Bj(t),  t > t0);  i.e..  Wj(t)  = , where  Bj(tl  is  a 

zero  mean  Gaussian  process  with  independent  incre- 
ment. But  such  a process  presents  considerable 
mathematical  difficulties.  It  is  known  (2,  16)  that 
the  Wiener  process  has  sample  function  continuity 
but  is  not  differential  in  any  sense,  the  sample  func- 
tions being  of  unbounded  variation.  Similarly,  the 
white  noise  process  is  not  integrable  in  a mean- 
square  Riemann  sense,  and  in  a strict  sense  equation 
(1)  has  no  mathematical  meaning.  This  is  a property 
of  the  ideal  white  noise  process  (2,  16,  17) . 

The  mathematical  difficulty  has  been  resolved  by 
using  an  alternative  form  of  equation  (1)  in  terms 
of  the  increments  of  the  Wiener  process: 

dxj(t)  * fj(xj.t)  dt  + G(Xj,t)  dBj  (5) 

Although  equations  (1)  and  (5)  might  appear  identi- 
cal, they  are  essentially  different.  Equation  (5) 
must  be  interpreted  as  a relationship  between  in- 
tegrals as  follows. 

Xj(t)  - Xj(t0) 

t 

= / fj(x:,r)dr  (6) 

1 t 

+ / G(xj,r)dBj(r) 
lo 

The  final  integral  in  equation  (6)  does  not  exist 
with  probability  one  as  a mean-square  Riemann 
integral  and  is  a specifically  defined  Ito  stochastic 
integral.  The  form  of  equation  (5)  is  referred  to  as 
an  Ito  stochastic  equation  [18.  19).  Definitions, 
properties,  and  the  calculus  of  operations  involving 
stochastic  integrals  can  be  found  in  books  by  Doob 
[16]  and  Kushner  [20.21], 
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Gray  and  Caughey  117)  examined  the  apparent 
paradox  of  the  different  forms  of  the  Fokker  Planck 
equation  as  expressed  in  equation  (1)  and  equation 
(5)  Gray  and  Caughey  compared  the  mathematical 
derivation  of  the  Fokker  Planck  equations  --  using 
the  properties  of  the  stochastic  integral  with 
the  physical  deiivation.  in  which  the  white  noise 
parametric  excitation  is  considered  a limit  of  a 
realizable  wideband  Gaussian  process,  such  that 
mtegrability  of  the  sample  functions  is  preserved 
They  showed  that  the  two  approaches  led  to  dit 
ferent  forms  tor  the  first  incremental  moment  co 
efficients  a,,  the  difference  arising  as  a result  of  the 
defined  properties  of  the  stochastic  integral. 

Similarly,  Ariaratnam  and  Graete  [22)  examined  the 
Fokker-Planck  equation  for  a system  of  n first 
order  state  equations  with  a combination  of  random 
forcing  and  (larametric  terms  They  found  that  the 
form  of  the  first  incremental  moments  depended 
on  whether  the  random  functions  were  Gaussian 
white  processes  or  increments  of  Brownian  pro 
cesses  Their  results  confirmed  those  of  Gray  and 
Caughey  1 1 7 J . 

System  Moment  Equations 

Although  it  is  generally  not  possible  to  obtain  a solo 
tion  for  the  transition  probability  of  most  systems, 
it  is  usually  possible  to  derive  front  the  Fokker- 
Planck equation  a set  of  differential  equations  for  the 
moments  of  any  order  of  the  system  response  This 
important  development  was  apparently  first  used 
by  Caughey  and  Dienes  [11)  who  indicated  that 
the  montents  of  p(x,  t I xQ,  t0)  of  any  order  N 

, kl  k2  kn  . 
mk1,k2.k3  kn“  E{x,  .x,  xn  { 

(7) 

N(“k1  ♦ k2  +..  kn)  ■ 1.2,3 

ran  he  obtained  by  multiplying  the  system  Fokker 
ki  ki  kn 

Planck  equation  by  (x | , x3  ,.  ,xn  ) and  integrating 
by  i>arts  over  the  entire  state  space  -»  < x,  < 00 
This  approach  has  been  widely  used  to  obtain  practi- 
cal results  concerning  the  stability  of  random  paia 
metric  systems  [22  25] . 

Ariaratnam  and  Graefe  (23)  and  Bogdanotf  and 
Kozin  [251  obtained  general  stability  criteria  for 
linear  systems  and  clarified  the  question  of  whether 
or  not  an  inherently  unstable  linear  system  could 


be  stabilized  by  landom  variation  of  its  (>areuieters 
Their  results  supported  the  argument  of  Caughey 
[26)  against  Samuels  [27)  and  showed  that  the 
addition  of  a landom  parametric  vanation  would 
not  stabilize  such  systems  (see  also  the  work  of 
Flabotnikov  (28l  I Leibowitz  (29[  obtained  similar 
results  for  systems  with  Gaussian  shot  noise  co 
efficients. 

Gray  130) , Anaratnam  and  Graete  [24| , and  others 
131,  321  extended  the  application  of  tire  Fokker 
Planck  method  to  the  linear  nth  oidei  differential 
equation 

dn  n1  dk 

— — xltME  lbk  ♦ Wk(t)  — r—  x(t)I  - W(tl  (8) 
dt"  k»0  dtK 

and  obtained  expressions  toi  the  moments,  correla 
tion  functions,  and  spectial  densities  of  the  system 
responses  Gray  130)  showed  that  the  spectral 
density  of  a lineal  parametric  system  is  identical  to 
that  of  an  equivalent  lineai  system  in  which  the 
parametric  excitation  has  been  replaced  by  an  equiva 
lent  nonhomogeneous  random  torcing  term.  The 
Fokker  Planck  approach  has  also  been  used  to  dovel 
op  necessary  and  sufficient  conditions  tor  mean 
square  stability  [321  The  so-called  frozen  system 
obtained  by  setting  the  stochastic  coefficients  to 
zero  ■ was  introduced  in  this  approach,  the  stability 
criteria  are  based  upon  the  assumption  that  tire 
frozen  system  is  asymptotically  stable  Nakamizo 
and  Sawaraji  [33)  generalized  the  lesults  to  the 
nth  order  linear  equation  of  the  type  shown  m 
equation  (8). 

The  stochastic  stability  of  such  leal  systems  as  the 
tree  surface  of  a liquid  inside  a cylindrical  tank 
subjected  to  a random  vertical  acoeleiation  [34), 
a pin-ended  column  [35,  36).  and  elastic  structures 
[37)  subjected  to  random  axial  loading  have  been 
investigated  for  the  case  of  Gaussian  white  noise 
excitation 

These  studies  indicated  that,  tor  systems  satisfying 
equations  of  motion  of  the  form 

y + 2fw0v  + |u>*  - alt))  v » 0 (l3> 

where  io0  is  the  natuiel  frequency,  { the  damping 
ratio,  and  alt)  a Gaussian  white  noise  process  with 
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spectral  density  SQ  such  that 

E lord,) alt,)]  - 2 S0 5(t,  - ta)  (10) 

The  system  response  y (t ) is  stable  in  the  mean  square 
it  the  excitation  spectral  density  SQ  satisfies  a simple 
inequality 

Sq  < 2fa>Q  (11) 

Non-White  Parametric  Excitation 
Non-white  parametric  excitation  has  considerable 
practical  significance.  The  Markov  vector  approach 
can  be  applied  if  the  non-white  processes  are  con- 
sidered to  be  derived  by  linear  filtering  from  white 
noise  sources.  The  state  equations  of  the  system  are 
then  augmented  by  a set  of  first  order  filter  equa- 
tions. However,  the  moment  equations  of  any  order 
derived  from  the  Fokker-Planck  equation  are  coupled 
with  moments  of  higher  order.  The  moment  equa- 
tions of  the  system  form  a set  of  so-called  infinite 
hierarchy  equations  |25,  38-41  ] . A similar  situation 
results  if  the  system  equations  contain  nonlinear 
terms.  Such  coupling  causes  serious  difficulties  in 
determinations  of  system  responses  or  of  stability 
criteria  in  terms  of  mean  squares  [25] . 

Bogdanoff  and  Kozin  [25]  and  Bolotin  [42]  ob- 
tained an  infinite  set  of  moment  equations  for 
second  order  systems  excited  parametrically  by 
filtered  Gaussian  white  noise.  Bolotin  [42]  assumed 
that  higher  order  moments  were  related  to  lower 
order  moments  by  multidimensional  Gaussian 
process  relations,  with  the  cumulants  of  the  cor- 
responding order  equated  to  zero.  He  used  a trun- 
cated linearized  form  of  the  moment  equations 
and  obtained  approximate  conditions  for  the  second 
moment  stability.  He  plotted  the  stability  boundaries 
for  various  values  of  the  damping  parameter  on  a 
chart  (Figure  1)  similar  to  the  Strutt  diagram  of 
Mathieu's  equation.  Figure  1 has  two  regions  of 
instability:  one  when  the  center  frequency  of  the 
excitation  is  in  the  neighborhood  of  twice  the  sys- 
tem natural  frequency,  and  another  when  the  center 
frequency  is  close  to  the  system  natural  frequency. 

Wedig  [43-45]  followed  another  approach  for  similar 
systems  parametric  excitation  was  obtained  by 
passing  Gaussian  white  noise  either  through  a low- 
bass  filter  or  a band-bass  filter.  The  resulting  moment 
equations  were  weakly  coupled  with  higher  order 


Figure  1.  Stochastic  Stability  Boundaries 
of  a Linear  System 
x + 2u>0fx  + uj  [1  - e<J>(t)]  x “ 0, 
filter  equation  ¥ + 2cjrjfa  + ■ W(t) 

moments.  Wedig  used  a perturbation  technique  in 
which  the  eigen-frequency  and  eigenvector  were 
expanded  in  power  series  of  a small  parameter  e. 
He  obtained  approximate  expressions  for  the  critical 
variance  0 of  the  parametric  excitation,  which  defines 
the  limit  of  the  instability  regions.  The  boundaries 
of  these  regions,  shown  in  Figure  2,  have  features 
similar  to  those  obtained  by  Bolotin.  Wedig  showed 
that  the  destabilizing  effect  decreased  as  the  band- 
width of  the  band-bass  process  was  increased.  He 
extended  his  method  for  a two-degree-of-freedom 
system  excited  parametrically  by  a random  narrow- 
band  process  [46]  and  obtained  three  regions  of 
instability  in  the  mean  square  sense  in  the  neighbor- 
hood of  2u>i , 2to, , and  u>i  + w,  (where  to,  and 
ojj  are  the  natural  frequencies  of  the  two  modes). 

The  problem  of  the  infinite  hierarchy  of  moment 
equations  has  been  discussed  [38-41],  A number  of 
truncation  schemes  have  been  examined  for  elemen- 
tary cases  with  attention  to  the  need  to  preserve 
essential  moment  properties  such  as  non-negativity 
mean  squares  and  variances.  Thus  far  these  schemes 
have  no  rigorous  mathematical  basis. 
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Figure  2.  Stability  Boundary  of  a Parametric  Bandpass  Process  (45] 


Systems  with  Autoparametric  Coupling 
The  Fokker  Planck  approach  has  also  been  applied 
to  systems  in  which  nonlinear  coupling  known  as 
autoparametric  coupling  occurs  Ibrahim  and  Roberts 
(47,  48]  considered  a two-degree-of-freedom  system 
with  autoparametric  coupling  in  which  the  primary 
system  was  excited  by  stationary  white  noise  It  was 
assumed  that  for  small  nonlinearity  the  joint  density 
function  of  the  responses  did  not  depart  significantly 
from  Gaussian  form;  third  and  higher  order  moments 
were  expressed  in  terms  of  first  and  second  moments. 

Results  for  the  system  response  moments  were 
obtained  by  numerical  integration  of  a set  of  14 
moment  equations.  The  results  indicated  that,  when 
the  system  was  close  to  the  internal  resonance  con- 
dition, large  random  motions  of  the  coupled  system 
occurred  and  gave  rise  to  a suppression  effect  on 
the  primary  system.  In  the  vicinity  of  the  internal 
resonance  condition  the  random  motions  of  the 
system  were  quasi-stationary.  and  steady  oscillatory 
terms  appeared  in  the  response  moments  (Figure  3). 

The  stability  of  the  linear  solution  was  examined 
for  the  same  system  (48]  Stability  boundaries 
were  expressed  in  terms  of  excitation  and  system 
parameters,  beyond  which  coupled  random  motions 
would  occur.  It  was  demonstrated  that  the  damping 


coefficient  of  the  primary  system  could  have  a 
destabilizing  effect  (Figure  4).  Similar  results  have 
been  obtained  for  some  systems  excited  by  random 
parametric  excitation  (49,  50] . The  Gaussian  ap 
proximation  for  high  order  moments  had  been  used 
previously  by  Bolotin  (42]  and  Newland  (51] 
in  a study  of  energy  transfer  between  modes  with 
some  nonlinear  coupling.  A perturbation  technique 
was  used  in  the  latter  study  to  demonstrate  the 
significance  of  internal  resonance  in  determining 
mean  square  modal  response. 

Although  the  Fokker-Planck  method  has  contributed 
to  the  analysis  of  systems  with  tandom  parametric 
excitation,  further  work  is  needed  to  develop  lation 
al  truncation  schemes  for  moment  equations  and  to 
extend  the  treatment  of  nonlinear  coupling  in  multi 
degree-of-freedorn  systems  by  numerical  integration 
techniques. 

THE  AVERAGING  METHOD 

The  averaging  method  has  been  used  in  deterministic 
problems  with  periodic  coefficients.  One  such  class 
of  problems  involves  nonstationary  vibrations 
caused  by  time  variation  in  the  frequency  of  a para 
metric  excitation  (521 . The  transition  from  purely 


a.  schematic  diagram  [47) 
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b.  limits  of  quati-stationary  second  moments 
E[Xq)  is  the  second  moment  of  the  system 
without  coupling 


Figure  4.  Stability  Boundaries  of  the  Stationary 
Solution  of  the  Autoparametric  System 
of  Figure  3 (48) 


harmonic  parametric  excitation  to  strong  fluctuation 
scatter  has  been  studied  (7).  During  the  transition 
the  spectral  density  of  the  oscillations,  initially  in 
the  shape  of  a delta  function,  becomes  progressively 
broader. 

The  effects  of  high  frequency  quasi-periodic  para 
metric  excitation  on  the  stability  of  dynamical 
systems  have  been  examined  [53-61 1 by  using  the 
inverted  pendulum  as  a model  and  applying  the 
averaging  method  [621 . Stability  analysis  of  the 
inverted  pendulum  involves  the  derivation  of  equa 
tions  governing  the  evolution  of  certain  smoothed 
coordinates  of  the  system  [53-56,  59) . The  equations 
are  averaged  over  a time  interval  that  is  short  com- 
pared with  the  time  scale  of  variation  of  the  smooth 
ed  coordinates,  yet  large  compared  with  a typical 
period  of  parametric  excitation.  Thus  it  is  assumed 
that  the  smoothed  coordinates  remain  fixed  during 
averaging. 


Figure  3.  An  Autoparametric  System 


Bogdanoff  [53]  established  the  validity  of  this 
procedure  for  stochastic  support  motions  under 
certain  conditions.  He  assumed  that  the  power 
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spectrum  of  the  high  tiequency  imposed  motions  is 
disciete.  and  that  frequency  differences  die  large 
compared  to  the  imaginary  paitsot  the  chaiactenstic 
roots  ot  the  averaged  equations 


pendulum  motion  and  the  Fourier  components  of 
the  suppoit  motion.  The  Fourier  components  have 
twice  the  frequency  ot  the  oscillation  of  the  in 
verted  pendulum. 


Bogdanoft  and  Citi on  [54.  55)  pointed  out  that 
a pendulum  stabrlizea  in  the  upward  position  with  a 
discrete  high  tiequency  support  oscillation  could 
be  destabilized  by  adding  a continuous  spectrum  of 
Gaussian  random  noise  Hemp  and  Sethna  [58) 
showed  that  the  effect  of  support  motion  at  two 
frequencies  close  to  each  other  can  destabilize  the 
pendulum  Sethna  [63]  mentioned  that  it  is  not 
possible  to  stabilize  an  inverted  pendulum  unless 
the  power  spectrum  of  the  parametric  fluctuations 
is  zero  in  the  neighborhood  ot  the  origin  He  ex- 
tended the  method  of  averaging  and  obtained  a 
criterion  for  the  stability  of  the  pendulum  sub 
jected  to  arbitrary  rapid  support  motion  [61 ) . 
Mitchell  [601  added  that  the  pendulum  exhibits 
instability  when  one  excitation  frequency  is  about 
twice  the  othei  He  also  demonstrated  that  additional 
regions  ot  instability  appear  when  the  difference 
between  two  frequencies  of  an  almost  periodic 
support  motion  is  small  Analog  computer  simula- 
tion [601  has  indicated  that  the  pendulum  can  be 
stabilized  when  the  damping  in  the  system  is  sut 
ficiently  large  and  the  support  motion  is  a stochas 
tic  process  with  a high  pass  power  spectral  density 
function 

Howe  [591  confirmed  the  lesults  obtained  by  Bog 
danoff  [5355)  and  derived  another  condition  in- 
volving the  power  spectrum  of  the  effective  support 
excitations  at  twice  the  frequency  of  the  induced 
stabilized  oscillations  of  the  pendulum  about  the 
upward  vertical  This  latter  rasult  has  also  been 
derived  by  others  164  66)  Howe's  analysis  is  a com- 
bination of  the  averaging  method  and  an  extension 
of  the  energy  distribution  concept  used  to  study 
wave  propagation  in  landom  media  167).  Howe 
obtained  an  integro-differential  equation  that  govern 
ed  the  development  with  time  of  the  energy  content 
of  each  frequency  component  of  the  smoothed 
variable  pendulum  motion.  The  equation  indicates 
that  an  interchange  of  energy  occurs  among  the 
various  frequency  components  of  the  oscillation 
and  is  caused  by  interactions  (scattering)  with  the 
support  motions.  Another  important  featuie  of  the 
equation  is  that  it  accounts  for  resonant  interactions 
between  the  various  frequency  components  of  the 


2aslavslcii  [68)  examined  the  stochastic  stability  ot 
a nonlinear  system  with  randomly  varying  coefti 
dents  He  derived  the  conditions  under  which  the 
time  dependence  of  phase  can  be  regarded  as  an 
approximate  sequence  of  random  numbers  Valeev 
[69)  investigated  the  stability  of  various  dynamical 
systems  with  periodic,  quasi  periodic  and  random 
coefficients  by  formalizing  a new  asymptotic  method 

Various  forms  ot  the  method  ot  averaging  have  been 
used  by  Stratonovich  and  Ftomanovski  [70) . Weiden 
hammer  [66).  and  others  [14.  60.  71  74).  One 
form  developed  by  Stratonovich  [7)  requires  that 
averaging  be  carried  out  tor  terms  free  from  the 
random  excitation  Terms  containing  the  excitation 
function  aie  replaced  by  the  sum  of  the  mean  value 
and  the  fluctuation  about  the  mean. 

Chelpanov  [71)  examined  the  statistical  properties 
of  the  solution  of  a second  order  system  and  found 
that  the  correlation  between  the  orthogonal  com 
portents  of  the  characteristic  solution  deer  eased 
with  time.  The  averaging  method  has  also  been 
applied  to  components  of  twice  the  system  natural 
frequency  in  the  spectrum  of  the  parametric  excita 
tion  function  [64-66) . 

Weidenhammer  [66)  used  a form  ot  the  averaging 
method  to  study  the  stability  ot  a parametrically 
excited  system  in  which  the  random  excitation 
function  was  small  and  had  a particular  spectral 
density  Graefe  [65)  extended  Weidenhammer 's 
analysis  for  the  case  ot  arbitrary  random  excitation 
with  small  intensity  Ariaratnam  [35)  followed  the 
Weidenhammer  approach  to  determine  the  stability 
ot  a lightly  damped  column.  The  stability  of  dynami 
cal  systems,  including  gyroscopic  forces  and  non 
conservative  loads,  has  been  studied  by  Ariaratnam 
175)  and  Nemat  Nasser  [76!  respectively  They 
showed  that  such  systems  are  described  by  the  set 
of  equations 

n , n 

Xj  + t 2 fi|X|  + X|  + ef(t)  2 P„xj  - 0 
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where  t is  a small  parameter  «1.  and  { a matrix, 
possibly  nonsymmetric,  arising  from  damping  and 
gyroscopic  forces  P defines  the  components  of 
the  applied  load  When  t(t)  is  a stationary  nairow 
band  Gaussian  process  with  spectral  density  S(w), 
having  center  frequency  wc  and  a significant  width 
Aw.  the  following  results  aie  obtained  [761 
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stability  is  defined  by 


t(i  > — r Pf|  S(2u>j)  (18) 
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Equation  (18)  has  been  obtained  independently 
(66  66, 70] 

Anaratnam  [ 76]  obtained  slightly  different  expires 
sions  for  the  stability  of  a rotating  shaft  and  indicated 
that  stability  conditions  obtained  by  the  Stratonovieh 
method  differ  from  those  obtained  by  the  Liapunov 
direct  method  [20]  Anaiatnam  and  Tam  [77,  78] 
extended  the  application  of  the  method  of  stochastic 
averaging  to  derive  stability  conditions  for  single 


and  multi -degree  of  freedom  linear  systems  paie 
metrically  excited  by  a combined  harmonic  process 
and  stationary  stochastic  process 

Kolomieti  [14]  combined  the  standard  averaging 
method  and  the  Fokker  Planck  equations  approach 
to  study  quasi Tmeai  systems  containing  a small 
random  paiameiei  A similar  approach  was  used  by 
Dimentberg  and  Gorbinov  [79,  80]  to  obtain  an 
analytical  solution  tor  a nonlinearly  damped  oscil 
lator  subjected  to  combined  periodic  parametric 
and  random  external  excitation 


THK  LIAPUNOV  DIRECT  METHOD 

The  Liapunov  second,  or  direct,  method  attempts 
to  derive  stability  statements  about  equilibrium  states 
of  physical  systems  by  constructing  suitable  func- 
tions, known  a Liapunov  functions,  defined  in  the 
phase  space  Liapunov  functions  are  essentially 
extensions  of  the  energy  principle  that  an  equili- 
brium state  is  stable  if  the  energy  of  the  system  is 
always  decreasing  as  the  equilibrium  state  is  ap- 
proached The  sign  of  the  Liapunov  function  and  the 
sign  of  its  time  derivative  thus  determine  whether 
or  not  the  sy stem  is  stable  The  method  of  con 
strucling  Liapunov  functions  has  been  explained 
181.82] 

Bertram  and  Sarachik  [83]  were  apparently  the 
first  to  use  the  Liapunov  second  method  to  inves 
tigate  the  stability  of  the  first  order  differential 
equations  with  stochastic  coefficients  of  the  form, 
dx 

— - X(x,  F(t).  t)  (19) 

dt  

where  _x_  is  an  n vector , _F_(t  ( are  random  functions, 
and  X is  a continuous  vector  function  satisfying 
Lipschitz  conditions  Bertram  and  Sarachik  estab 
lished  the  basic  theoiems  which  are  similar  to  their 
counter  .arts  tor  deterministic  systems,  tor  stability 
in  the  mean  The  equilibrium  solution  of  equation 
(19)  is  stable  in  the  mean  if  a Liapunov  function 
V(x.  t)  of  the  system  satisfies  the  following  con- 
ditions 

• V(0.t)-0 

• V(x.  t)  is  continuous  in  both  and  t and  its 
first  partial  derivatives  with  respect  to  x and 
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t exist. 


(21) 


• V(x,  t)  > 0 ||  x.11  for  some  0 > 0.  where  ||  x.  ||  is 
the  norm  of  the  solution^ 

• E 

Additional  conditions  by  which  equation  (19)  can  be 
asymptotically  and  globally  stable  in  the  mean  have 
also  been  established  (83)  Although  these  theorems 
have  been  developed  for  a general  nonlinear  system, 
Bertram  and  Sarachik  indicated  that  Liapunov  func- 
tions can  be  constructed  only  in  special  cases  The 
technique  was  independently  developed  by  Kats 
and  Krasovskii  (84) , who  considered  the  stability 
in  the  probability  mode  of  the  systems  with  para- 
meters that  are  finite  sets  of  Markov  processes. 

Nevelson  [851  showed  that,  if  a deterministic  system 
is  unstable  in  the  Liapunov  sense,  it  remains  almost 
surely  unstable  upon  the  addition  of  sufficiently 
small  random  terms.  Dickerson  and  Caughey  (86) 
later  obtained  similar  results  and  showed  that  para- 
metrically excited  systems  would  be  stable  if  the 
system  were  stable  in  the  absence  of  the  excitation 
and  if  the  average  value  of  the  modulus  of  the  excita- 
tion were  sufficiently  small. 

Kozin  [87]  used  Gronwell-Bellman's  inequality  to 
derive  sufficient  conditions  for  almost  sure  asymp- 
totic stability  of  linear  dynamical  systems  defined 
by  the  system  of  equations: 


(A  +_F(t)l  _x_(t)  , x.(t0>“± 


A is  a constant  n x n matrix,  and_F(t)  is  an  n x n 
matrix  the  nonzero  elements  of  which  are  stochastic 
processes.  Kozin's  results  require  that  equation  (20). 
with  constant  coefficients  - i.e.,  F - 0 - be  asymp- 
totically stable  in  the  large  and  that  the  stochastic 
processes  JF (t)  are  as  follows:  measurable  and  con- 
tinuous with  a probability  of  one;  strictly  stationary; 
and  able  to  satisfy  ergodicity.  Kozin  [88]  later 
established  another  theory  for  sufficient  conditions 
of  almost  sure  asymptotic  Liapunov  stability  in  the 
large.  The  stationary  solution  of  equation  (20) 
X|  - x,  ”....xn  - 0 is  almost  surely  asymptotically 
stable  in  the  Liapunov  sense  if; 


/ E { ||  x(t,  x0.  t0)  ||  } dt  < - 
*o 

Caughey  and  Gray  189]  extended  the  Liapunov 
approach  and  derived  almost  sure  asymptotic  stabil- 
ity criteria  for  the  linear  systems  described  by  equa- 
tion (20).  They  also  examined  certain  classes  of 
nonlinear  systems.  Kozin  subsequently  questioned 
their  results.  Mehr  and  Wang  [90]  established  addi- 
tional theories  relevant  to  the  results  of  Caughey 
and  Gray  [89]  and  also  compared  Kozin's  results 
[87]  with  those  of  Caughey  and  Gray  [89] . 

It  had  been  indicated  [89]  that  the  limits  required 
to  guarantee  almost  sure  stability  on  the  mean 
square  can  approach  infinity  as  damping  goes  to 
infinity.  This  result  has  been  discussed  further  by 
Gray  [91],  Lepore  and  Stoltz  [92]  also  indicated 
that  for  the  case  of  uncorrelated  excitation  and 
response  the  excitation  variance  can  increase  without 
bound  as  damping  is  increased. 

Wang  [93,  94]  generalized  the  most  important 
results  of  Kozin  [87]  and  Caughey  and  Gray  [89] 
to  particular  classes  of  linear  distributed-parameter 
and  time-lag  dynamical  systems  described  by  a set 
of  linear  partial  differential-integral  equations  with 
stochastic  parameters. 

Infante  [95]  obtained  sufficient  conditions  for  the 
aiiiiost  sure  stability  of  equation  (20)  by  using  the 
properties  of  pencils  of  quadratic  forms.  That  is, 
if  _G  and  _H  and  n x n real  symmetric  matrices  and 
JS  is  positive  definite,  the  form^'Gx  - x'Hx  i-,  called 
a regular  pencil  of  quadratic  forms.  The  equation 
det  [G_-  XH]  * 0 is  called  the  characteristic  equation 
of  the  pencil,  and  the  X are  the  eigenvalues  of  the 
pencil.  Infante  found  that  the  stability  conditions 
of  the  two  systems 

x + 2fx+ [w1 +f(t)]x-0  (a) 

(22) 

x + [2f  + f (t)]  x + wJx  » 0 (b) 

are  expressed  respectively  as 

E [f3  (t)J  < 2£Jco1  (a) 
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Man  [96)  extended  Infanta's  I9bl  woik  and  ob 
tainod  insults  for  tint  stability  regions  of  searnd 
ordar  systems  Howovei . his  maximum  eigenvalues 
Xn)n)v  were  found  to  bo  incorrect  by  ko/in  and  Wu 
|97)  Tlu>y  correlated  Infante's  losults  |96)  with 
their  almost  sura  stability  lot  both  Gaussian  noise 
coefficients  and  periodic  coefficients  and  found  a 
significantly  greater  Increase  in  the  stability  legion 
than  that  given  by  Infante 

The  Liapunov  approach  has  been  successfully  used 
for  systems  with  narrow  band  parametric  excitation 
(91,  98  10)  I Caughny  and  Dickerson  |98l  derived 
sufficient  conditions  that  guarantee  the  asymptotic 
stability  of  a class  of  linear  systems  They  Illustrated 
thoir  method  for  two  cases  of  multi  degree  of  tree 
dom  systems  having  classical  modes  Gray  [911 
utilized  the  method  foi  that  portion  of  the  spectral 
density  of  the  excitation  close  to  twice  the  natural 
frequency  of  the  system,  I or  equation  (22a)  he 
found  that  the  almost  sure  stability  conditions  are 

E (f*(t)|  < 4f 1 ( I - -iVw1  fo.  fVcoJ  Vi 

CO 

(24) 

E (f J (t»1  < 1 for  f 1 /co*  > % 

Gray  admitted  that  these  lesults  wete  less  conseiva 
tive  than  those  obtained  previously  |H9|  I igute  !> 
is  a comixtrison  for  stability  boundaries  obtained 
by  a number  of  authors  (35,  87,  89,  95|  It  seems 
that  ttie  results  of  Infante  and  Plant  (1021  aie  the 
best  of  those  available  for  almost  sme  stability 
In  addition,  they  show  unbounded  excitation  vat 
lance  growth  with  increasing  damping 

Ko/in  (103,  104]  discussed  the  question  of  the 
true  stability  of  second  otder  systems  witti  such  a 
stationary  orgodic  Gaussian  coefficient  in  the  sense 
of  Liapunov,  He  extended  the  I to  aquation  apptoach 
of  Khasminiskli  (72,  73)  and  obtained  numerically 
the  stability  boundary  of  second  order  systems 
Ko/in  correlated  the  results  obtained  in  terms  of 
Ito  differential  equations  with  those  obtained  by 
Infante  (951  for  real  noise  coefficient  systems 
As  the  real  noise  coefficient  approached  white  noise, 
the  system  of  equations  required  the  addition  of 
correction  terms  He  found  (1041  that  the  cornu- 
lion  terms  of  the  system  considered  tiy  Infante  weie 
identically  zero,  so  that  the  results  went  close  to  the 
true  stability  boundary 


Figure  5.  Comparison  of  the  Almost  Sure  Stability 
for  Gaussian  Processes  Obtained  by  Various 
Theories  (4,  87,  89,  951 

Sunahara  et  al  |IOb|  combined  the  stochastic  avei 
aging  method  developed  by  Khasminiskff  and  the 
I lapunov  direct  method  into  a new  approach  they 
derived  several  theoioms  to  provide  sufficient  con 
ditions  for  asymptotic  stability  of  nonlinear  dynarni 
cal  systems  desct  Ibed  by  the  equation 

Hui,xi  rq(x.  x)  - fih(x,  x)  W(t)  (21>) 

where  g(x,  x)  and  h(x,  x)  ate  nonlinear  functions, 
W(t)  is  a white  Gaussian  noise,  and  r and  ft  ate 
small  parameters. 

lho  Liapunov  approach  lias  been  usihI  to  define  the 
stability  regions  of  such  strucluial  elements  as  col 
umns  subjected  to  random  axial  loads  (102.  10b, 
1071,  cylindrical  shells  subjected  to  simultaneous 
axial  and  radial  stochastic  excitations  (108,  109), 
cylindrical  shells  with  nonline, n strain  displacements 
acted  upon  by  stochastic  radial  loading  (1101, 
clrculw  plates  subjected  to  radial  stochastic  excite 
tlons  (111],  and  a rectangular  Hat  plate  with  slmul 
tanoous  stochastic  Inplane  loading  along  Its  length 
and  width  (92) 
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OTHKK  METHODS  AND  KKSUI.TS 


Among  the  vat  ions  te«  hniques  that  haw  Iwn  dewl 
oped  to  treat  complex  dynamical  systems  doting 
stochastu  excitation  am  the  equivalent  Initialisation 
method  1 1 121 , the  spectial  density  npptoach  11 13| 
the  pertmbation  method  1114),  and  otheis  111b 
1 18)  These  methods  haw  been  applied  to  nonlmeai 
systems  by  aie  not  widely  used  for  random  paia 
met i ic  systems 

Two  methods  have  been  developed  1113,  119  1211 
toi  studying  nonstationaiy  systems  that  am  basisl 
on  the  spectral  density  approach  originally  used  in 
control  theory  (122)  One  method  has  been  usixl 
to  determine  the  response  ol  helunptei  lotoi  blades 
in  toiwaid  flight  The  pioblem  involves  a time 
dependent  system  with  periodic  stillness,  damping 
and  input  modulation  functions  as  described  by 
the  equation  ot  flapping  motion  11 10.  110) 

(26) 

x r (y/2)C(t)x  ♦ lu)‘r  <>/2)K(t)l  x-(>/2>H(t)N(t) 

where  y is  known  as  the  lock  blade  inertia  numbei 
C(t)  and  Mt)  are  peiiodic  functions,  lt(t)  is  a well 
defines!  envelope  function,  and  N(t)  is  a random 
function  Gaonkai  and  Mohenemsei  (119,  1201 
showed  that  the  flapping  response  to  typical  atmo 
splieiic  tutbulence  is  a quasi  coheient  naiiow  band 
random  process  Wan  indicated  that  the  ixxik  mean 
square  deflection  ot  the  blade  in  toiwaid  flight  was 
substantially  largei  than  that  in  hoveling 

Ihe  effects  of  torsion  flapping  coupling  dining  high 
advani-e  tatio  flight  on  the  peak  statistics  ot  tin 
buleni'e  excited  lotoi  blade  vibiation  haw  been 
inwstigateil  (123  12b)  Although  such  templing  can 
influence  certain  nanow  hand  feat  urns  of  flapping 
anil  have  a detnmental  efteit  on  the  probability 
ot  high  lewl  toisional  exclusions  these  effects  weie 
negligible  in  exist  practical  uises 

for  lineai  systems  with  wwikly  ix'inxln  nonstation 
aiy  excitation  1'ielewic/  |126)  txunted  out  that 
any  steady  state  lesixmse  it  it  exists,  is  also  a weakly 
penodii  nonstationaiy  puness  1 he  spectial  density 
metfxxf  has  also  been  usixl  in  iwi|unction  with 
Volteua  functional  analysis  (118)  toi  a numbei  ot 
nonlmeai  systems  with  periodic  aielficients  and 
stochastit  toning 


Mosenbloom  (12/,  128)  usixl  a ixiwei  spectial 
density  appioach  to  deteimine  the  stability  ot  the 
msponse  moments  ot  a tandomly  time  dependent 
fust  ordet  lineai  system  Hie  stability  in  the  mean 
square  of  second  oilier  systems  with  random  stiff 
ness  coefficients  lias  been  eyaluatixf  following  a 
similar  appioach  (129.  130) 

Many  geneial  definitions  ot  stochastu  stability  toi 
vibiating  systems  exist  |1,  21  31,  72,  131  l.fil) 
Ko.’in  |1)  classified  the  common  modes  ot  con 
vetgence  into  three  groups,  namely,  convenience 
in  probability,  conwrgence  in  tlte  mean  and  almost 
sine  conwrgence  Additional  insults  and  theoiems 
toi  the  stability  of  stochastii  systems  hays"  been 
published  1140  147) 

Ihe  classical  ixntuiliation  method  has  been  adapted 
loi  landom  vibration  pioblems  involving  small 
nonlmeai  dies  and  lias  been  used  successfully  toi 
single  and  multi degiee ot  tieedom  systems  with 
nonlineai  stiffness  (114,  11!il  In  systems  with 
paiamettic  landom  coefficients  oi  autoixnameti n 
coupling  howewi  the  method  fails  to  piedict  the 
stability  of  tfie  lesixmse  unless  initial  conditions  toi 
the  fust  approximation  aie  imposed 

kolovskn  and  Iroitskaia  (148)  and  (limentbeig 
(1491  deteimiinxt  the  stability  ot  lineai  systems  with 
tandomly  varying  paiameteis  The  initial  ixindi 
turns  of  ttie  fust  appioximation  weie  assiinnxl  to  be 
random  vat  tables  |14il|  I samples  usixl  to  illustiate 
the  method  iiiilixfixf  automate  ixinttol  moilels 
I'lmentbeig  (149  Ibl'l  discusstxf  a numbei  ot 
cases  in  which  the  amplitude  ot  situation  at  ieso 
nance  could  tie  induced  by  intioducing  laixlom 
components  in  the  coefficients  ol  the  system  i hang 
and  Soong  1 1 b 1 1 combineit  the  method  of  equna 
lent  linearization  ol  hiylott  and  Hogoliubott  and  a 
pei  tin  hation  scheme  to  detei  mine  the  aveiage  angulat 
displai'enient  of  a witical  pendulum 

the  method  of  integio -differential  ixitiatkins,  which 
has  been  applied  by  Schmidt  in  deterministic  paia 
metrii  vibiation  problems  (1b2)  has  leccntly  bix>n 
utilized  to  study  the  influence  ot  such  txnameteis 
as  excitation,  lineai  and  nonlineai  damping  and 
ofliei  nonlineai ities  on  the  iesixui.se  ot  vibiating 
systems  |1b3|  Schmidt  indicatixf  that  the  inlluence 
ot  damping  is  maikedly  ditteient  toi  peuodteand 
toi  landom  paiametiic  excitations  A similai  ap 
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proach  has  recently  been  used  by  Iyengar  and  Dash 
[1161  to  derive  the  autocorrelation  of  the  response 
of  equation  (26).  They  also  applied  two  other  meth- 
ods (1)  a series  technique  in  which  response  is 
expressed  as  a series  in  the  powers  of  the  random 
coefficient  K(T).  so  that  the  method  can  be  re- 
garded as  a generalisation  of  the  Galerkin  method; 
(2)  a numerical  solution  on  a digital  computer  of  the 
system  for  various  simulations  of  K(T)  and  N(t). 

EXPERIMENTAL  WORK  AND  ANALOG 
SIMULATION  RESULTS 

Little  experimental  work  has  been  done  for  dynami- 
cal systems  with  stochastic  excitation,  particularly 
the  parametric  case.  Some  experimental  studies 
on  an  RLC  circuit  with  randomly  varying  capaci- 
tance showed  that  any  value  of  the  spectral  density 
of  the  capacity  vauation  would  carry  the  circuit 
into  unstable  regions  if  the  damping  were  zero 
(I29|  This  instability  was  controlled  by  the  circuit 
nonlinearities  when  the  response  exceeded  a critical 
level  These  properties  were  verified  in  an  analog 
computer  simulation  (49,  129] 

Bogdanoff  and  Citron  (54,  55),  and  Ness  (57) 
conducted  a series  of  experiments  to  investigate 
the  stability  of  an  inverted  pendulum  subiected  to 
random  support  motion  The  excitation  {(t)  was 
obtained  by  summing  the  outputs  of  several  har- 
monic oscillators  of  the  form 

n 

{(t)«  £ aj  cos(cjjt  + $j)  (27) 

i=1 

The  results  supported  the  theoretical  conclusion 
(53)  that  only  variation  of  the  base  velocity  in- 
fluences the  stability  of  the  inverted  pendulum 
provided  that  a,  are  small.  For  six  input  frequencies 
the  results  suggested  that  it  might  not  be  possible 
to  stabilise  the  pendulum  if  £(t)  has  a continuous 
spectrum.  Mitchell  (60)  simulated  the  motion  of 
the  inverted  pendulum  on  an  analog  computer  using 
a Gaussian  white  noise  generator  with  a high  pass 
filter.  The  simulation  showed  that  the  pendulum 
could  be  stabilised  if  damping  weie  sufficiently  large 

An  exploratory  experimental  study  of  the  behavior 
of  the  free  surface  of  a liquid  in  a tank  during  random 


excitation  in  the  longitudinal  direction  was  con- 
ducted by  Dalzell  (154) . This  study,  which  included 
narrow-  and  wideband  excitations,  indicated  that 
large  amplitude  free  surface  response  to  random 
excitation  was  qualitatively  similar  to  the  half-sub- 
harmonic response  observed  under  harmonic  ex- 
citation. Estimation  of  the  probability  distribution 
of  the  free  surface  indicated  that  for  excitation  levels, 
the  response  was  nearly  Gaussian.  When  a large 
amplitude  subharmonic  response  was  excited,  how- 
ever, the  probability  structure  approached  a doubly 
exponential  distribution.  No  correlations  with  theore- 
tical studies  were  reported  (34, 130] . 

Baxter  and  Evan-lwanowski  (155)  conducted  a series 
of  experiments  to  measure  the  response  amplitude 
of  a column  excited  by  random  axial  forces.  Their 
observations  supported  theoretical  results  [64-66] 
that  the  column  vibrates  near  its  natural  frequency 
when  the  spectral  density  of  the  excitation  is  suf- 
ficiently high  within  the  parametric  resonance  zone 
of  the  column.  They  also  found  that  the  variance 
of  the  response  amplitude  decreases  with  increasing 
excitation  band-width.  Bolotin  [42]  simulated  the 
equations  of  motion  of  a column  excited  by  a filtered 
Gaussian  white  noise  on  the  analog  computer.  The 
stability  boundaries  obtained  confirmed  his  theoreti- 
cal results. 

Frolov  (156)  obtained  the  amplitude-frequency 
response  of  a system  excited  simultaneously  by 
a stationary  parametric  excitation  and  a periodic 
forced  excitation  in  the  form 

x + 2wf,x  + wJ  [1  + ew(t)]  x “ a. cos  flt  (28) 

where  w(t)  is  a stationary,  zero-mean  function  and 
e is  the  mean  square  value  of  variation  of  the  natural 
frequency  of  the  oscillator.  For  small  « Frolov  show- 
ed that  the  maximum  amplitude  response  can  be 
reduced  by  random  variation  of  the  parameters. 

Kropac  and  Drexler  (157-162)  conducted  a series 
of  experimental  and  analog  simulation  investigations 
for  a special  class  of  parametrically  excited  vibratory 
electromechanical  systems  in  which  the  damping 
term  is  controlled  by  a binary  random  signal  that 
switches  the  system  between  damping  and  exciting 
states.  These  systems  are  described  by  equation  (29) 

x + 2w0{f  + C*(f.P;0  + KAlxlJ  x + w’  x - 0 


(29) 


where  ^K.p.t)  is  a symmetric  pseudo  random  binary 
Signal  having  a binomial  distribution  of  pulse  length; 
f Is  the  sampling  frequency  of  the  random  generator; 
p is  the  +1  probability  of  the  occurrence  of  a pulse; 
AM  is  the  envelope  of  x(t);  and  K and  C are  con 
stents  The  analog  studies  indicated  that  the  mean  vnl 
ue  for  the  envelope  process  of  the  response  changed 
significantly  as  a function  of  the  damping  coefficient, 
and  the  mean  square  remained  approximately  con 
stant.  The  nonlinear  feedback  in  the  damping  term, 
which  is  dependent  on  the  instantaneous  value  of 
the  envelope,  ensured  the  stability  of  the  motion 
in  the  prescribed  range  and  very  effectively  kept 
the  envelope  random  process  quasi  stationary  * ith 
respect  to  its  first  probability  density. 


CONCLUSION 

The  papers  and  reports  referred  to  in  this  article 
represent  a substantial  extension  of  the  theory  of 
stochastic  differential  equations  and  the  application 
of  that  topic  to  interesting  and  demanding  engineer 
ing  problems  in  the  field  of  random  parametric  ex- 
citation of  dynamical  systems.  The  Fokker-Planck 
approach  shows  promise  in  the  investigation  of 
truncation  schemes  for  the  infinite  hierarchy  of 
moment  equations  generated  by  linear  and  nonlinear 
parametrically  excited  systems.  It  is  hoped  that 
some  difficult  problems  of  stability  and  response 
will  be  resolved  by  this  technique  Contributions 
to  the  development  of  random  parametric  vibration 
with  the  averaging  method  and  the  Liapunov  direct 
approach  are  equally  important,  and  an  impressive 
range  of  stability  criteria  for  a wide  variety  of  sys 
terns  has  been  obtained  with  them. 

The  survey  pointed  out  the  lack  of  supporting  experi 
mental  results  for  much  of  the  theoretical  work. 
Reasons  include  the  general  difficulty  of  accurately 
imposing  the  conditions  of  mathematical  models  - 
such  as  the  spectral  density  of  parametric  loading  - 
and  of  evaluating  stability  boundaries  for  experi 
mental  random  parametric  systems.  However,  a 
continuing  and  extending  program  of  experimental 
work  Is  desirable  for  three  reasons  First,  a balanced 
judgement  of  the  real  value  of  such  research  can  be 
obtained  only  by  constant  observation  of  tho  be 
havior  of  real  engineering  systems  under  tiara  metric 
excitation  Second,  such  observations  can  be  ex 
pected  to  generate  further  investigations  into  relevant 


areas  Finally,  only  with  experimental  work  can 
theoretical  results  be  evaluated  and  justified,  es 
pecially  results  based  upon  approximations  and 
derived  by  methods  rigorous  mathematical  proof 
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BOOK  REVIEWS 


STRESS  WAVE  PROPAGATION  IN  SOLIDS.  AN  INTRODUCTION 

R.  J.  Wasley 
Marcel  Uekner,  Inc. 

New  York,  1973 


The  field  of  stress  wave  propagation  in  solids  has 
immense  technological  application 

• in  impacts  or  explosions  used  in  fabrication, 
ie  , in  explosive  high-energy  rate  forming, 
hardening,  welding,  cutting,  and  piercing 

• in  explosive  or  percussive  rock  breakage, 
mining,  drilling  and  earth  removal 

• in  such  accident  analysis  and  mitigation  in- 
volving impact  or  explosion  as  automobiles, 
aircraft,  and  nuclear  reactors 

« 

• in  the  analysis  of  ballistic  impact  and  penetra- 
tion, for  instance,  turbine  blade  breakage, 
tornado-blown  debris  damage,  and  ordnance 
design 

Practitioners  in  the  field  of  stress  wave  propagation 
♦all  into  two  groups  those  interested  in  elastic 
waves  and  those  concerned  with  non  linear  phe- 
nomena The  latter  group  is  small,  its  members  as 
often  as  not  employed  by,  or  alumni  of,  defense- 
related  research  laboratories  in  which  the  field  was 
first  developed.  With  a number  of  notable  exceptions, 
the  academic  community  has  been  relatively  un- 
informed about  the  major  advances  in  nonlinear 
stress  wav  cs  in  the  last  two  decades,  and  the  transfer 
of  technology  to  industry  as  a whole  has  been  slow. 

Perhaps  because  of  the  general  lack  of  interest  on  the 
part  of  the  academic  community  and  the  lack  of 
necessity  to  publish  textbooks  in  defense-related 
laboratories,  few  good  texts  have  appeared.  It  is 
therefore  of  interest  to  encounter  a book  on  stress 
wave  propagation  in  solids,  particularly  since  the 
author  has  for  many  years  been  actively  engaged  in 


both  theoretical  and  experimental  work  in  one  of 
the  largest  groups  at  the  Lawrence  Livermore  Lab- 
oratory. 

The  book  is  divided  into  two  parts.  In  the  first  and 
largest  part,  on  dynamic  elasticity,  the  author  states 
that  linear  elasticity  provides  a good  foundation  for 
understanding  dynamic  nonelastic  phenomena.  Part 
2 attempts  such  an  extension  in  two  special  cases, 
uniaxial  stress  and  uniaxial  strain. 

Part  1 is  a conventional  elementary  exposition  of 
dynamic  elasticity  in  the  style  of  and  at  a level 
compatible  with  an  introductory  course.  Remarks 
on  elementary  tensor  notation  are  given.  Concepts 
of  stress  and  strain  and  Hooke's  law,  topics  of  har- 
monic waves  in  extended  media,  reflection  and 
refraction  of  waves  at  plane  boundaries,  and  some 
aspects  of  the  Pochhammer-Chree  solution  in  rods 
are  developed  in  an  easy  style.  The  author  connects 
these  concepts  to  some  problems  but  does  not 
develop  them. 

Part  2 focuses  on  two  topics:  the  split  Hopkinson 
pressure  bar  apparatus,  which  has  been  extensively 
used  to  study  dynamic  plasticity  under  conditions 
approximating  uniaxial  stress:  and  the  plane  wave 
experiment  involving  high  explosive  or  gun-driven 
flat  plate  impacts,  in  which  uniaxial  strain  con- 
ditions are  approached  These  two  techniques  are 
the  principal  ways  of  investigating  nonelastic  stress 
wave  propagation  in  the  laboratory. 

The  second  part  of  the  book  is  more  qualitative  than 
the  first,  it  contains  few  equations,  relying  instead 
on  experimental  observations  to  introduce  a few 
rudimentary  concepts  of  dynamic  plasticity  and  the 
high  pressure  thermodynamic  equation  of  state. 
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The  subtitle  ot  the  book  is  appropriate,  it  does 
indeed  provide  a good  introduction  to  the  subject, 
the  book  should  tie  useful  to  graduate  engineers  and 
those  with  little  or  no  prioi  exposure  to  dynamic 
stress  wave  propagation  Fha  book  will  also  be  useful 
to  university  students  requiring  an  introduction  to 
stress  wave  effects.  Specialists  In  dynamic  elasticity 
or  practitioners  in  nonlinear  stress  wave  propagation 
research  will  find  little  that  is  not  part  ot  standard 
elasticity  texts  and  older  research  literature 


mechanics,  constitutive  theory,  singular  surface 
analysis,  and  mlcrotnechanical  theories  of  defoima 
tion  Not  is  the  employment  of  the  principles  of 
stress  wave  propagation  In  the  many  technological 
applications  given  more  tfian  cursory  mention 
These  topics  remain  buried  in  the  research  literature, 
with  only  a lew  teview  a' tides  in  symposia  pro 
ceeding  or  anthologies  to  serve  as  guides. 


No  flint  is  given  of  the  exciting  developments  that 
have  taken  place  ovei  the  last  tb  years  01  so  as  a 
result  of  the  application  ol  modern  continuum 


Dr.  W.  Memnann 
Sand  hi  Laboratories 
Albuquerque,  NM  8711b 


ELASTOKINETICS 

H.  Heismann  and  i’.S.  i’awlik 
West  Publishing  Company,  St.  Paul,  Minnesota 


This  book  caters  to  students  and  practicing  engineers 
In  the  fields  of  civil,  mechanical,  and  electrical  ongl 
nearing,  it  explains  various  facets  ol  dynamics  and 
vibration  and  is  divided  Into  two  pails  discrete  and 
continuous  systems. 

Chapters  1 and  2 ol  Port  I consider  the  linear  oscilla 
tor,  as  well  as  responses  and  harmonic  functions  de 
rived  by  Laplace  transforms.  Hamilton’s  Principle  is 
also  explained  and  examples  given,  Lagrange  l qua 
tionsare  also  presented. 

In  chapters  3, 4,  and  b small  oscillations  are  explained 
In  normal  coordinates  and  applied  to  free  vibrations, 
Rayleigh's  principle,  and  a unique  Mohr  circle  con 
structlon  for  dynamic  systems.  The  continuous  sys 
tom  is  Introduced  and  advanced  applications  to 
torsional  vibrations  and  constraints  in  a system  are 
described  Tire  reviewer  would  have  liked  to  have  seen 
Hamilton’s  principle  extended  to  tuler  Lagrange 
equations  of  motion. 

Chapters  6 and  7 consider  damping  and  the  relation 
ship  of  damping  to  a damped  structure  In  a forced 
system.  A short  explanation  of  Rayleigh  type  damp 
Ing  is  given,  but  hysterntic  damping  Is  not  considered 


Wave  propagation  Is  discussed.  I xamplos  of  a me 
chanical  filter  and  transient  wove  motion  serve  as 
an  introduction  to  tire  more  advanced  aspects  given 
is  Part  II 

Part  II  on  continuous  systems  is  the  heart  of  the 
book  Chaptei  8 describes  the  convenience  of  using 
cartosian  tensors  to  express  the  deformation  and 
stresses  In  continue,  Chapter  9 deals  with  the  median 
ics  of  continue  Employing  cartesian  tensors,  more 
In  depth  explanations  of  Hamilton's  Principle,  as  well 
as  the  expression  of  results  In  Lagrange  and  Lulot 
coordinates  of  the  elastic  body,  are  presented. 

Chapter  10  describes  the  dynamics  of  elastic  bodies 
using  cartesian  tensors,  Neumann's  uniqueness 
rhenium  concerning  boundary  conditions  and  veloc- 
ity fields  Is  also  given.  The  free  vibration  of  bounded 
elastic  bodies  is  considered,  as  is  forced  motion  A 
specific  example  Is  the  sphei  ical  shell. 

Chapter  1 1 considers  the  more  advanced  espocts  ot 
wave  motions  in  elastic  media  irrotational  plane 
waves,  dilntationul  waves,  Rayleigh  suiface  waves, 
reflected  waves,  and  progressive  waves  In  elastic 
plates  and  cylinders  The  chaptei  concludes  with  a 
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discussion  of  longitudinal,  torsional,  and  flexural 
waves. 

Chapter  12  describes  longitudinal  waves  in  rods  and 
torsional  motion  of  rods  of  finite  and  unbounded 
lengths  Detailed  explanations  of  the  latter  are  not 
included  in  most  texts. 

Chapter  1 3 introduces  dynamics  of  elastic  beams  and 
contains  descriptions  of  the  equations  of  motion 
involved  and  explanations  of  shear  deformation 
and  shear  coefficients.  Differences  between  the 
Euler-Bernoulli  beam  and  the  Timoshenko  beam 
are  emphasized.  Examples  include  forced  motion, 
wave  motion,  and  impulsive  loads  on  beams. 

Chapter  14  is  concerned  with  the  dynamics  of  elastic 
plates.  The  equations  of  motion  are  derived  in  car 
tesian  tensors  Detailed  explanations  of  the  aquations 
of  forced  motion  are  given  and  applied  to  circular 
plates,  simply  supported  plates,  and  wave  motion  in 
plates.  The  Timoshenko  equations  are  applied  to 
plates,  a number  of  Reismann's  papers  on  plates 


have  been  incorporated  into  this  chapter. 

Tha  book  is  a good  one  but  the  reviewer  believes 
that  it  should  have  contained  sections  on  Galerkin's 
Method  and  Rayleigh  Ritz  method,  an  introduc 
tion  to  random  vibration,  and  a chapter  on  finite 
elements  --  which  are  assuming  an  ever  greater  role 
in  design  and  analysis  A chapter  on  shells  would 
also  have  been  worthwhile  because  many  struc- 
tures are  now  designed  using  shell  theory 

In  summary,  the  book  fulfills  the  purpose  of  the 
authors  to  provide  useful  linear  models  and  to  show 
their  relationships  to  nonlinear  models.  Several 
important  methods  are  also  presented  The  reviewer 
recommends  that  students  and  interested  readers 
study  the  book  before  undertaking  the  more  ad 
vanced  aspects  of  dynamics 


Herb  Saunders 
General  Electric  Company 
Schenectady,  New  York  12345 
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NEWS  BRIEFS 


gnaws  on  current 
and  Future  Shock  and 
Vibration  activities  and  events 


INTERNATIONAL  CONFERENCE 
ON  MINING  MACHINERY  - 1979 

An  international  conference  on  mining  machinery  is 
being  organized  by  The  Institution  of  Engineers, 
Australia  and  the  Australasian  Institute  of  Mining  and 
Metallurgy.  Emphasis  of  the  technical  program  will  be 
on  the  design  and  maintenance  of  heavy  machinery 
used  in  the  mining  industry.  Papers  are  invited  on 
current  technology  review;  future  developments  and 
requirements;  equipment  selection;  design  of  mechan- 
ical, electrical,  or  hydraulics  systems;  construction, 
maintenance  and  repair  techniques;  instrumentation, 
automatic  control  and  data  logging;  and  case  histories 
of  specific  operational  problems  and  their  solutions. 
The  conference  will  be  held  at  the  University  of 
Queensland,  Brisbane,  Australia  on  2 - 6 July  1979. 

For  further  information  contact;  The  Conference 
Manager,  International  Conference  on  Mining  Ma- 
chinery - 1979,  The  Institution  of  Engineers,  Austra- 
lia, 11  National  Circuit,  Barton,  A.C.T.  2600,  Tele. 
(062)  733633/Telegrams:  ENJOAUST,  Canberra. 

10th  SYMPOSIUM  ON  EXPLOSIVES  AND 
PYROTECHNICS  - CALL  FOR  PAPERS 

You  are  invited  to  submit  papers  for  presentation 
at  the  10th  Symposium.  All  papers  must  be  unclas- 
sified. Please  send  titles  and  abstracts  to  Mr.  R.  H. 
Thompson,  Franklin  Institute  Research  Labora- 
tories, Philadelphia,  PA  19103  by  the  deadline: 
July  14, 1978. 


CALL  FOR  PAPERS 

15th  ANNUAL  MEETING  OF  THE  SOCIETY 
OF  ENGINEERING  SCIENCE 

This  meeting  will  be  highlighted  by  five  special 
lectures.  One  will  be  given  by  the  Eringen  Medalist 
for  1978,  and  four  other  lectures  will  be  presented  by 
internationally  known  researchers  in  polymers,  ap- 
plied mathematics,  hydrodynamics  of  coastal  waters 
and  geotechnical  engineering. 


A balanced  program  of  topics  representing  a wide 
spectrum  of  fields  of  engineering  is  planned.  Ab- 
stracts submitted  should  relate  to  the  topics  listed 
below.  Among  the  topics  to  be  emphasized  are: 

Acoustics 

Atmospheric  fluid  mechanics 
Biomechanics  and  biomaterials 
Composite  materials  and  methodology 
Computational  methods 
Earthquake  related  problems 
Elasticity 

Energy  generation  and  storage 
Engineering  approach  to  societal  problems 
Engineering  cybernetics 
Environmental  effects 
Experiemental  stress  analysis 
Fracture  mechanics 
Gas  dynamics 
Geotechnical  engineering 
Heat  transfer 

High  pressure  and  temperature  technology 
Kinetic  theory  of  gases 
Machine  and  structure  design 
Materials  evaluation  and  testing 
Mechanics  of  fracture 
Micromechanics  of  imperfections  in  solids 
Modeling,  control  and  structural  analysis  of  transportation 
systems 

Molecular  dynamics 

Non-destructure  testing 

Nuclear  component  design  and  analysis 

Numerical  methods 

Optimization  and  control 

Particle  transport  theory 

Plasma  physics 

Plasticity 

Plates  and  shells 

Reliability,  engineering  statistics,  & manufacturing 

Solar  and  wind  energy 

Space  dynamics 

Statistical  mechanics 

Viscoelasticity 

Papers  to  be  presented  at  the  conference  will  be  selec- 
ted on  the  basis  of  a formal  review  procedure  from 
submitted  extended  abstracts.  For  further  informa- 
tion regarding  abstract  format  contact:  Professor 
R.  L.  Sierakowski,  Div.  of  Continuing  Education, 
Univ.  of  Florida,  2012  W.  University  Ave.,  Gaines- 
ville, FL  32603. 
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CALL  FOR  PAPERS 

49th  SHOCK  AND  VIBRATION  SYMPOSIUM* 


The  49th  Shock  and  Vibration  Symposium  will  be  held  at 
the  International  Inn,  Washington,  O.C.  on  17,  18,  and  19 
October  1978.  The  NASA  Godderd  Space  Flight  Center, 
Greenbelt,  Maryland  is  the  host  for  this  meeting. 


SUBMISSION  OF  PAPERS 

Those  wishing  to  offer  formal  full-length  papers  for  the  sym- 
posium should  carefully  follow  the  instructions  on  the  re- 
verse side  of  the  SUMMARY  COVER  SHEET.  Pepers  may  be 
offered  either  for  presentation  at  the  Symposium,  or  publice- 
tion  in  the  Bulletin,  or  both.  Summeries  of  papers  accepted 
for  presentation  will  be  published  end  distributed  prior  to 
the  Sympoeium.  Six  copies  of  the  two  page  (approximately 
600  words)  summary  should  be  submitted.  No  figures  should 
be  included  in  the  summery.  Prospective  authors  are  en- 
couraged to  submit  supplemental  figures  and  additional  in- 
formation which  the  program  committee  can  use  to  evaluate 
the  paper,  but  this  material  should  not  be  referenced  in  the 
summary  which  will  be  published  if  accepted.  Authors  are 
required  to  furnish  such  a summary  even  if  the  complete 
passer  is  submitted.  In  general,  unclassified-unlimited  distri- 
bution summaries  of  classified  papers  are  requested.  If  this 
is  impossible,  a classified  summary  may  be  submitted,  but 
this  will  not  be  published.  Deadline  for  receipt  of  summaries 
is  19  June  1978. 


CLASSIFIED  SESSIONS 

The  Shock  and  Vibration  Symposium  provides  a special  plat- 
form and  publication  medium  for  authors  of  classified  papers 
up  to  SECRET.  To  simplify  problems  of  paper  release, 
SVIC  policy  for  the  49th  Sumposium  is  that  attendance  at 
classifiad  sessions  will  be  limited  to  U.S.  citizens  & others 
having  the  required  clearance  and  need-to-know.  Limited 
distribution  papers  which  are  accepted  will  likely  be  pro- 
grammed in  the  classified  sessions. 


SHORT  DISCUSSION  TOPICS 

Because  of  continued  interest,  a session  will  once  again  be 
programmed  covering  progress  reports  on  current  research 
efforts  and  unique  ideas,  hints  and  kinks  on  instrumentation, 
fixtures,  testing,  analytical  short  cuts  and  so  forth.  It  is  in- 
tended to  provide  a means  for  up-to-the-minute  coverage  of 
reeeerch  programs  and  a forum  for  the  discussion  of  useful 
ideas  and  techniques  considered  too  short  for  a full-blown 
paper.  These  discussions  will  not  be  published.  Presentation 
of  e short  discussion  at  this  meeting  will  not  prevent  later 
publication  of  the  final  results  in  SVIC  publications  or 
other  journals.  Accepted  speakers  will  have  5 minutes  for 

•Forms  enclosed  in  this  issue  of  the  DIGEST 


presentation  and  5 minutas  for  discussion.  Only  unclassi- 
fied-unlimited distribution  discussions  will  be  programmed 
for  this  session.  Those  interested  only  need  to  submit  a short 
summary  on  the  enclosed  form  due  at  SVIC  on  1 1 September 
1978. 


SUGGESTED  TOPIC  AREAS 

Papers  from  all  areas  of  shock  end  vibration  technology  will 
be  considered.  The  following  ere  possible  topics  for  discus- 
sion based  upon  suggestions  from  tha  shock  and  vibration 
Community- 

Ground  Motion 

Ship  Shock  and  Vibration  Problems 
Reliability  Tasting  and  Field  Failures 
Dynamic  Testing  and  Environments 
Software/Pocket  Calculator  Analysis 
Impedance  Methods 
Response  of  Special  Materials 
Transportation  A Packaging 
Instrumentation  & Data  Analysis 
Biomechanics 
Structural  Analysis 
Rotor  Dynamics  & Balancing 
Mechanical  Signature  Analysis 

CRITERIA  FOR  ACCEPTANCE 

Papers  will  be  evaluated  on  technical  merit.  They  should 
describe  work  that  advances  the  technology  and  which  has 
not  been  published  previously.  Papers  with  a commercial 
flavor  will  not  be  accepted,  however  technical  submissions 
from  vendor  employees  will  be  judged  without  bias  and  on 
the  same  basis  as  those  of  other  prospective  authors. 


PUBLICATIONS 

For  your  scheduling,  if  your  paper  is  offered  for  publication, 
three  review  copies  of  the  complete  paper,  neatly  typed  in 
your  own  format,  must  be  in  this  office  by  11  September 
1978.  If  the  paper  is  accepted  for  publication,  an  author 
kit  will  be  provided  for  final  copy  preparation.  Acceptance 
for  publication  in  the  49th  Bulletin  depends  upon  favorable 
referee  review. 


PROGRAM 

The  advance  program  for  the  Symposium  will  be  distributed 
in  September,  together  with  hotel,  security  clearance,  and 
registration  information. 
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SHORT  COURSES 


MAY 


ANTICIPATING  FAILURES  OF  ROTATING 
MACHINERY  WITH  VIBRATION  ANALYSIS 

Rochester  May  2-4, 1978 

Schenectady  May  9-11,  1978 

Cleveland  May  23  - 25 , 1978 

Chicago  May  30  - June  1 , 1978 

Houston  June  13-  15, 1978 

Objective;  This  seminar  is  a basic  course  in  the  anal- 
ysis of  rotating  machinery  vibration.  Emphasis  will 
be  on  why  certain  machine  abnormalities  produce 
specific  vibration  signatures.  Topics  to  be  covered 
in  the  seminar  are.  the  distinctions  between  different 
types  of  transducers  and  vibration  monitoring  equip- 
ment, causes  of  common  machine  vibratory  phen- 
mena,  diagnosing  machine  failure  modes  by  signature 
analysis,  and  suggestions  for  possible  corrective 
action. 


Contact:  John  Sramek,  Nicolet  Scientific  Corp., 

245  Livingston  St.,  Northvale,  NJ  07647  - (201) 
767-7100,  ext.  505. 


FINITE  ELEMENT  METHOD  AND 
NASTRAN  USAGE 

Dates  May  8 - June  15,  1978 

Place;  Troy,  Michigan 

Objective:  A sequence  of  four  professional  develop- 
ment courses  will  be  presented  to  provide  an  under- 
standing of  the  technological  content  in  general  pur- 
pose finite  element  programs;  and  to  provide  training 
in  the  use  of  NASTRAN.  The  courses  and  dates  are: 

• Matrix  Structural  Analysis  and  Finite 
Elements  - May  8-12,  1978 

• Static  and  Normal  Modes  Analysis  using 
NASTRAN  - May  15-  18,  1978 

• DMAP  and  Substructural  Analysis  using 
NASTRAN -June  6 -9.  1978 

• Dynamic  and  Nonlinear  Analysis  using 
NASTRAN  - June  12  - 15,  1978 


Contact:  Schaeffer  Analysis,  Kendall  Hill  Road, 
Mont  Vernon,  NH  03057  - (603)  673-3070. 


JUNE 


EXPLOSION  HAZARDS  EVALUATION 

Dates  June  12  - 16, 1978 

Place:  San  Antonio,  Texas 

Objective:  This  course  covers  the  full  spectrum  of 
problems  encountered  in  assessing  the  hazards  of 
accidental  explosions  involving  handling  or  storage 
of  particularly  hazardous  chemicals.  Design  for 
proper  containment  and  development  of  techniques 
to  reduce  incidence  of  accidents  during  normal  plant 
and  transport  operations  will  be  covered.  Specifically 
the  following  topics  will  be  covered:  fundamentals 
of  combustion  and  transition  to  explosion;  free- 
hold explosions  and  their  characteristics;  loading 
from  blast  waves;  structural  response  to  blast  and 
non-penetrating  impact;  fragmentation  and  missile 
effects;  thermal  effects;  damage  criteria;  and  design 
for  blast  and  impact  resistance. 

Contact:  Wilfred  E.  Baker,  Southwest  Research 
Institute,  P.O.  Box  28510,  San  Antonio,  TX  78284 
(512)  684-51 11,  ext.  2303. 


ANALYSIS  AND  PREVENTION 
OF  MECHANICAL  FAILURES 

Dates:  June  15  - 16,  1978 

Place:  University  of  Michigan,  Ann  Arbor 

Objective:  To  present  methods  for  analyzing,  pre- 
venting, and  correcting  failures  of  mechanical  com- 
ponents and  assemblies.  Failures  treated  may  arise 
from  a faulty  design,  material,  fabrication  or  assem- 
bly, or  from  operator's  abuse.  Interpretation  of 
failure  data  will  be  included. 

Contact:  Engineering  Summer  Conferences,  200 
Chrysler  Ctr.,  North  Campus,  The  University  of 
Michigan,  Ann  Arbor,  Ml  48109. 


VIBRATION  SURVIVABILITY 

Dates:  June  5 -9,  1978 

Place:  Santa  Barbara,  CA 

Objective:  Testing  an  equipment's  ability  to  survive 
in  the  dynamic  environments  of  vibration  and  shock 
and  a basic  education  in  resonance  and  fragility  phe- 
nomena, in  environmental  vibration  and  shock 
measurement  and  analysis,  also  in  vibration  and  shock 
environmental  testing  to  prove  survivability  are  the 
objects  of  this  course. 

Contact:  Wayne  Tustin,  Tustin  Institute  of  Tech- 
nology, 22  East  Los  Olivos  St.,  Santa  Barbara,  CA 
93105  - (805)  963-1124. 


JULY 

9TH  ANNUAL  INDUSTRIAL  PRODUCT  NOISE 
CONTROL  INSTITUTE 

Dates:  July  10  - 14. 1978 

Place:  Union  College,  Schenectady,  NY 

Objective:  For  engineers,  designers,  environmental 
health  specialists  and  managers  concerned  with 
noise  and  vibration  control.  This  course  will  provide 
information  on  the  theory  measurement  and  econo- 
mics of  noise  reduction.  The  course  will  cover  the 
latest  information  on  the  nature  of  sound  and  noise 
control,  including  noise  criteria,  airborne  sound  distri- 
bution, vibration  control,  and  noise  signature  anal- 
ysis. Other  topics  include  how  noise  is  produced  by 
different  types  of  engineering  equipment  such  as 
compressors,  electric  motors,  fans,  valves,  and  trans- 
formers. 

Contact:  Graduate  Studies  & Continuing  Educa- 
tion, Union  College,  Wells  House  - 1 Union  Avenue, 
Schenectady.  NY  12308  - (518)  370-6288. 


INSTRUMENTATION.  MEASUREMENTS 
ENGINEERING  AND  APPLICATION 

Dates:  July  17  - 21,  1978 

Place:  Union  College,  Schenectady,  NY 

Objective:  This  course  is  designed  for  technicians 
and  engineers  involved  in  the  field  of  instrumen- 
tation and  measurements  who  wish  to  be  informed  on 
the  latest  "State-of-the-Art".  The  data  reduction 


techniques  that  can  be  used  coinciding  with  the 
instrumentation  to  resolve  a particular  problem  will 
be  included.  Major  topics  will  include:  transducer 
design,  applications  and  limitations,  engineering  the 
test  probram,  recording  techniques,  data  reduction 
and  interpretation,  and  case  histories.  These  will  be 
applied  to  both  static  and  dynamic  measurement. 

Contact:  Graduate  Studies  & Continuing  Educa- 

tion, Union  College,  Wells  House  - 1 Union  Avenue, 
Schenectady,  NY  12308  - (518)  370-6288 


COMPUTER  WORKSHOP  IN  FINITE  ELEMENT 
METHODS  OF  ANALYSIS  FOR  STRESS  AND 
OTHER  FIELD  PROBLEMS 

Dates:  July  24-28,  1978 

Place.  Union  College,  Schenectady,  NY 

Objective:  To  develop  the  basic  formulations  ot  the 
finite  element  structural  analysis,  to  examine  practi- 
cal applications  and  to  present  Fortran  IV  computer 
programs  for  both  2D  and  3D  problems.  The  pro- 
grams will  be  applied  to  tutorial  and  student  gener- 
ated problems. 

Contact.  Graduate  Studies  and  Continuing  Educa- 
tion, Union  College,  Wells  House  - 1 Union  Avenue, 
Schenectady,  NY  12308  - (518)  370-6288. 


COMPUTER  WORKSHOP  IN  EARTHQUAKE  AND 
STRUCTURAL  DYNAMICS 

Dates:  July  24  - 28, 1978 

Place.  Union  College,  Schenectady,  NY 

Objective:  To  develop  the  basic  formulations  of 
structural  dynamic  analysis  for  linear  and  nonlinear 
systems,  to  examine  practical  applications  to  earth- 
quake and  structural  dynamics  and  to  present  Fortran 
computer  programs  for  multi-degree-of-freedom  sys- 
tems. The  programs  will  be  applied  to  tutorial  and 
student  generated  problems. 

Contact:  Graduate  Studies  and  Continuing  Educa- 

tion, Union  College,  Wells  House  - 1 Union  Avenue, 
Schenectady,  NY  12308  - (518)  370-6288. 

NOISE  CONTROL  ENGINEERING 

Dates  July  31  - August  4,  1978 

Place.  University  of  Michigan,  Ann  Arbor 
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Objective  This  course  provides  engineers  and  mana- 
gers with  comprehensive  knowledge  of  noise-control 
engineering  and  criteria  for  application  to  practical 
problems. 

Contact  Engineering  Summer  Conferences,  200 
Chrysler  Ctr.,  North  Campus,  The  University  of 
Michigan,  Ann  Arbor,  Ml  48109. 


AUGUST 


PYROTECHNICS  AND  EXPLOSIVES 

Dates  August  14  - 18, 1978 

Place:  Philadelphia,  PA 

Objective:  This  seminar  combines  the  subjects  of 

pyrotechnics  and  solid  state  chemistry  along  with 
explosives  and  explosive  devices.  It  will  be  practical 
so  as  to  serve  the  men  working  in  the  field.  Presenta- 
tion of  theory  is  restricted  to  that  necessary  for  an 
understanding  of  basic  principles  and  successful 
application.  Coverage  emphasizes  recent  effort, 
student  problems,  new  techniques,  and  applications. 
The  prerequisite  for  this  seminar  is  a bachelor  of 
science  degree  in  engineering  or  equivalent. 

Contact  Registrar,  The  Franklin  Institute  Re- 

search Labs.,  Philadelphia,  PA  19103  - (215)  448- 
1236. 


SEPTEMBER 


7TH  ADVANCED  NOISE  AND  VIBRATION 
COURSE 

Dates:  September  1 1 - 15, 1978 

Place:  Institute  of  Sound  and  Vibration 

Research,  University  of  Southampton, 
England 

Objective : The  course  is  aimed  at  researchers  and 
development  engineers  in  industry  and  research  es- 
tablishments, and  people  in  other  spheres  who  are 
associated  with  noise  and  vibration  problems.  The 
course,  which  i>  designed  to  refresh  and  cover  the 


latest  theories  and  techniques,  initially  deals  with 
fundamentals  and  common  ground  and  then  offers 
a choice  of  specialist  topics.  The  course  comprises 
over  thirty  lectures  including  the  basic  subjects  of 
acoustics,  random  processes,  vibration  theory,  subjec- 
tive response  and  aerodynamic  noise  which  form  the 
central  core  of  the  course.  In  addition,  several  special- 
ist applied  topics  are  offered,  including  aircraft  noise, 
road  traffic  noise,  industrial  machinery  noise,  diesel 
engine  noise,  process  plant  noise  and  environmental 
noise  and  planning. 

Contact:  Dr.  J.  G.  Walker  or  Mrs.  0.  G.  Hyde, 
Institute  of  Sound  and  Vibration  Research,  The  Uni- 
versity, Southampton,  SCO  5NH,  England. 

MACHINERY  VIBRATION 

Dates:  September  20  - 22,  1978 

Place.  Cherry  Hill,  New  Jersey 

Objective:  Lectures  and  demonstrations  on  rotor- 
bearing dynamics,  turbomachinery  blading,  and 
balancing  have  been  scheduled  for  this  Vibration 
Institute-sponsored  seminar.  The  keynote  address  on 
the  development  of  balancing  techniques  will  be 
given  on  the  first  day  along  with  sessions  on  modal 
analysis,  oil  whirl,  and  computer  programs.  Simultan- 
eous sessions  on  rotor-bearing  dynamics  and  turbo- 
machinery blading  will  be  held  on  the  second  and 
third  days.  The  following  topics  are  included  in  the 
rotor-bearing  dynamics  sessions:  critical  speeds,  sta- 
bility, fluid  film  bearing  design  and  analysis,  balanc- 
ing sensitivity,  generator  rotor  balancing,  gas  turbine 
balancing,  and  industrial  balancing.  The  sessions  on 
turbomachinery  blading  feature  excitation  and  forced 
vibration  of  turbine  stages,  structural  dynamic  aspects 
of  bladed  disk  assemblies,  finite  element  analysis  of 
turbomachinery  blading,  steam  turbine  availability, 
metallurgical  aspects  of  blading,  torsional-blading 
interaction,  and  field  tests  of  turbogenerator  sets. 
Each  participant  will  receive  a proceedings  covering 
all  seminar  sessions  and  can  attend  any  combination 
of  sessions. 

Contact:  Vibration  Institute,  101  West  55th 
Street,  Suite  206,  Clarendon  Hills,  IL  60514  - 
(312)  654-2254. 
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REVIEWS  OF  MEETINGS 


CONFERENCE  ON  AEROSPACE  POLYMERIC  VISCOELASTIC 
DAMPING  TECHNOLOGY  FOR  THE  1980'S 

7-8  February  1978 
Dayton,  Ohio 

This  conference  was  sponsored  by  the  Air  Force  Flight  Dynamics  Laboratory. 
The  principal  organizer  was  Dr.  Lynn  C.  Rogers  of  the  Structural  Mechanics  Divi- 
sion. The  purpose  of  the  conference  was  to  explore  damping  technology  as  a 
mechanism  for  improving  structural  reliability  of  aircraft  structures,  avionics  and 
accessories  which  are  subject  to  severe  dynamic  environments.  The  conference 
was  also  to  provide  increased  definition  and  support  for  a proposed  AFFDL  pro 
gram  titled  “Dynamics  Abatement  and  Major  Payoff  thru  Integrated  Technology 
(DAMP  IT)."  This  program  is  an  organized  approach  to  the  integration  of  damping 
technology  into  the  design  and  manufacturing  process.  In  the  opinion  of  the 
reviewer,  the  program  has  considerable  merit. 

The  conference  was  well  orgainzed.  There  were  a number  of  excellent  presenta- 
tions on  basic  damping  technology  including  additive  and  constrained  layer  damp 
ing,  tuned  dampers,  material  properties  and  environmental  effects.  Drs.  D.I.G. 
Jones  and  Jack  Henderson  of  the  Air  Force  Materials  Laboratory  contributed 
significantly  in  these  presentations  Professor  F.C.  Nelson  of  Tufts  University  gave 
an  interesting  and  useful  talk  on  "Damped  Vibration  Theory  A State  of  the  Art 
Assessment."  Professor  R.  Plunkett  of  the  University  of  Minnesota  offered  a 
similarly  fine  contribution  on  "Measurement  of  Material  and  System  Damping." 

A number  of  presentations  weie  given  covering  case-history  applications  of  damping 
to  solve  dynamic  problems  for  structures,  avionics,  and  other  equipment.  Valuable 
lessons  can  be  learned  by  looking  at  the  experiences  of  others  as  they  approach 
complex  problems  Presentations  by  the  principal  manufacturers  of  damping 
materials  on  the  capabilities  of  their  products  added  to  the  overall  usefulness  of 
the  conference 

Hopefully  the  proceedings  of  this  conference  will  be  made  available  in  fairly  com 
plete  form.  If  so,  it  should  provide  a useful  reference  to  those  concerned  with 
damping  and  its  applications. 

Henry  C.  Pusey 
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ANALYSIS  AND  DESIGN 


ANALYTICAL  METHODS 


78-631 

Periodic  Solution*  of  Hamiltonian  Sy  items 

P.H.  Rabinowitz 

Mathematics  Res.  Center,  Wisconsin  Univ.,  Madison, 
Wl,  Rept.  No.  MRC-TSR-1 783,  52  pp  (Aug  1977) 
AD-A046  393/5GA 

Key  Words:  Forced  vibration.  Free  vibration,  Hamiltonian 
principle 

The  existence  of  periodic  solutions  of  Hamiltonian  systems 
of  ordinary  differential  aquations  is  proved  in  various  set- 
tings. A case  in  which  energy  is  prescribed  is  treated.  Both 
fra*  and  forced  vibration  problems,  where  the  period  is 
fixed,  era  studied. 


78-633 

Identification  of  Non-Linearity  of  Vibration*  in 
Structure*  Defused  by  a Dynamic  Syatem  with  a 
Finite  Number  of  Degree*  of  Freedom 

M.  Kulisiewicz 

Bull.  Acad.  Polon.  Sci.,  Ser.  Sci.  Tech.,  25  (5), 
pp  167-172  (1977)  4 figs.  5 refs 

Key  Words:  Mathematical  models,  Dynamic  properties, 
Nonlinear  theories 

A method  is  presented  of  defining  elasticity  end  damping 
characteristics  of  binding  elements  in  a discrete  dynamic 
system  with  a series  structure.  The  system  models  structural 
vibrations.  It  is  a simple  empirical  method  and  it  does  not 
require  qseciatly  controlled  forcing.  The  method  is  based 
on  a "passive"  measurement  of  proper  vibrations  of  a struc- 
ture, the  most  convenient  state  being  a non-determ ined 
state.  In  the  method  under  question  characteristic  points 
of  phase  of  trajectory  solutions  are  used.  The  method  makes 
a mathematical  model  for  identification  of  dynamic  proper- 
ties of  a structure. 


STATISTICAL  METHODS 

(See  No.  757) 


78-632 

Forced  Oscillation*  of  a Piecewise- Linear  Nonlinear 
Dynamic  Syatem  with  Several  Degrees  of  Freedom 
T.K.  Caughey  and  A.  Vijayaraghavan 
California  Inst,  of  Tech.,  Pasadena,  CA91125,  Inti. 
J.  Nonlinear  Much.,  T2  (6).  pp  339-353  (1977) 
1 fig,  7 refs 

Key  Words:  Forced  vibration.  Dynamic  systems.  Harmonic 
excitation,  Reid  springs 

Exact  periodic  solutions  are  derived  for  a dynamic  system 
with  several  degrees  of  freedom  consisting  of  a series  of 
‘Reid  springs'  with  piecewise-linear,  non-linear  characteristics: 
however,  the  solutions  are  restricted  to  a class  of  harmonic 
excitation  in  the  ‘modal  form'  described  subsequently  in 
the  paper.  Conditions  are  derived  for  the  asymptotic  stability 
of  the  periodic  solution  and  an  example  has  been  worked  out 
in  detail  on  the  response  of  a dynamic  system  with  two 
degrees  of  freedom. 


NONLINEAR  ANALYSIS 


FINITE  ELEMENT  MODELING 

(See  No.  731) 


MODELING 


78-634 

Application  of  Perturbation  Method*  to  Improve 
Analytical  Model  Correlation  with  Teat  Data 

J.A.  Garba  and  B.K.  Wada 

Structures  and  Materials  Section,  Jet  Propulsion  Lab., 
Pasadena,  CA.,  SAE  Paper  No.  770959,  2 figs,  11 
tables,  16  refs 

Key  Words:  Mathematical  models.  Experimental  data. 
Correlation  techniques.  Perturbation  theory 

This  activity  describes  the  positive  and  negative  experiences 
in  using  a method  published  by  C.W.  White  to  updete  a 
mathematical  model  of  a structure.  An  extension  of  the 
method  is  shown.  The  results  are  based  upon  our  under- 
standing of  the  method  es  published. 
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78-635 

Reduction  of  Model*  of  Large  Scale  Lumped  Struc- 
ture* Using  Normal  Mode*  and  Bond  Graph* 

D.l.  Margolisand  G.E.  Young 
Dept,  of  Mech.  Engrg.,  Univ.  of  California,  Davis, 
CA  95616,  J.  Franklin  Inst.,  304  (1),  pp  65-79 
(July  1977)  9 figs,  6 refs 

Kay  Words:  Mathematical  modal*.  Bond  graph  technique. 
Normal  modes 

Bond  graphs  are  an  axtramely  useful  modeling  procedure 
for  representing  the  actual  energy  exchange  mechanisms  of 
interacting  dynamic  systems.  A procedure  is  developed 
whereby  the  original  equations  are  reduced  to  a form  suitable 
for  modal  decomposition.  The  resulting  modes  are  reinter- 
preted in  bond  graph  form  with  the  resulting  model  being  an 
extremely  accurate  system  representation  while  requiring 
only  a fraction  of  the  original  number  of  equations.  The 
procedure  is  demonstrated  through  example. 


PARAMETER  IDENTIFICATION 

(Also  see  Nos.  642,  644) 


78-636 

Identification  of  Structural  Component  Failures 
Under  Dynamic  Loading 

S.  Simonian  and  G.C.  Hart 

Univ.  of  California,  Los  Angeles,  CA.,  SAE  Paper 
No.  770958, 8 refs 

Key  Words:  Parameter  identification  technique 

For  purposes  of  parameter  identification,  a dess  of  N-degrea 
of  freedom  dynamical  systems  are  decoupled,  to  a single 
degree  of  freedom  subsystem.  This  is  achieved  by  utilizing 
all  measured  accelerations,  and  a coordinate  transformation. 
In  cases  where  additional  data  of  strains  or  displacements 
are  available,  the  decoupled  equations  are  further  simplified. 
The  merits  of  this  decoupling  are  clearly  indicated. 


DESIGN  TECHNIQUES 


78-637 

Automated  Design  of  Earthquake  Rewtant  Multi- 
story Steel  Building  Frame* 

N.D.  Walker 

Ph.D.  Thesis,  Univ.  of  California,  Berkeley,  195  pp 
(1977) 

UM  77-31 ,575 


Key  Words:  Buildings,  Earthquake  resistant  structures. 
Computer-aided  techniques 

This  report  presents  a methodology  for  automating  the 
design  process  for  earthquake-resistant  multittory  steel 
building  frames.  The  design  process  is  viewed  as  a complex 
collection  of  interrelated  decision  processes,  the  conduct 
of  which  requires  specification  of  the  motivation  for  making 
the  decisions  and  identification  of  the  decision  constraints. 
Total  cost.  Including  both  construction-related  expenses 
as  well  as  cost  of  expected  future  damage,  is  adopted  as  the 
basic  decision  motivator.  Decision  constraints  are  com- 
posed essentially  of  standard  and  projected  building  code 
restrictions. 


CRITERIA,  STANDARDS,  AND 
SPECIFICATIONS 


78-638 

Ride  Quality  Criteria 

D.G.  Stephens 

Langley  Res.  Center,  NASA,  Hampton,  VA  23665, 
Proc.  NOISE-CON  77,  NASA  Langley  Res.  Ctr., 
Hampton,  VA,  pp  463-482  (Oct  17-19,  1977)  15 
figs,  1 table,  21  refs 

Key  Words:  Ride  dynamics,  Aircraft,  Ground  vehicles. 
Vibration  excitation,  Noise  generation,  Standards 

The  ride  environment  of  air  and  surface  vehicles  as  well 
as  the  subjective  response  to  environmental  stimuli,  as 
determined  from  laboratory  and  field  studies,  are  presented. 
In  addition,  criteria/standards  for  vibration,  noise,  and 
combined  stimuli  are  discussed. 


78-639 

Sound  Measurement  Standard*  for  Surface  Trans- 
portation Vehicle* 

R.K.  Hillquist 

P.O.  Box  113,  Milford,  Ml  48042,  Proc.  NOISE- 
CON  77,  NASA  Langley  Res.  Ctr.,  Hampton,  VA., 
pp  425-430  (Oct  17-19, 1977)  4 tables,  3 rets 

Key  Words:  Standards,  Noise  measurement.  Interior  noise. 
Ground  vehicles.  Railroad  cars 

National  and  international  standards  used  for  exterior  and 
interior  sound  levels  of  highway  and  rail  vehicles  are  dis- 
cussed. A trend  toward  tasting  conditions  more  represente- 
tive  of  actual  in-service  operations  and  toward  greater  inter- 
national compatibility  is  seen.  The  presence  of  governmental 
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78-640 

Acoustical  Standards  and  Their  Application  to 
Aircraft  Noise 

W.J.  Galloway 

Bolt  Beranek  and  Newman,  Inc.,  P.0.  Box  633, 
Canoga  Park,  CA  91305,  Proc.  NOISE-CON  77, 
NASA  Langley  Res.  Ctr.,  Hampton,  VA„  pp  415- 
424  (Oct  17-19.  1977)  3 tables,  3 refs 

Key  Words:  Standards,  Aircraft  noise 

The  activities  of  national  and  international  standards  groups 
for  aircraft  noise  are  summarized. 


78-641 

For  Turbomachinery. ..New  Acceptance  Criteria  Pro- 
posed 

P.E.  Simmons 

ICI  Petrochemicals  Div.,  Wilton,  Middlesbrough,  UK, 
Hydrocarbon  Processing,  57  (1),  pp  169-171  (Jan 
1978)  4 figs 


COMPUTER  PROGRAMS 


GENERAL 

(Also  see  Nos.  693,  708,  747) 


78-643 

Alternate  Approaches  to  Vibration  and  Shock  Analy- 
sis Using  NASTRAN 

R.E.  Denver  and  J.M.  Menichello 

IBM  Federal  Systems  Div.,  Owego,  NY,  In:  NASA, 

Washington  Sixth  NASTRAN  Users'  Colloq.,  pp  1 99- 

212  (1977)  refs 

N78-12458 

Key  Words:  Shock  response.  Vibration  response,  NASTRAN 
(computer  program).  Computer  programs 
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Key  Words:  Turbomachinery.  Critical  speed.  Unbalanced 
mass  response 

A generation  of  large  turbomachines  for  the  process  indus- 
tries is  emerging.  It  is  difficult  and  may  be  undesirable  to 
achieve  the  degree  of  separation  between  the  operating 
speed  range  and  lateral  critical  speeds  commonly  specified. 
Alternative  criteria  are  suggested  which  are  based  on  rotor 
response  to  deliberate  unbalance. 


SURVEYS  AND  BIBLIOGRAPHIES 


A method  that  derives  an  approximate  equivalent  static 
load  to  a base  excitation  shock  analysis  is  described.  The 
transient  analysis  in  the  current  level  of  NASTRAN,  level 
16,  does  not  directly  provide  for  either  input  acceleration 
forcing  functions  or  enforced  boundary  displacement.  In 
the  suggested  alternate  analysis  format,  equivalent  force 
input  functions  are  applied  to  the  constrained  locations  by 
using  the  artifice  of  placing  a large  mass,  with  respect  to  the 
total  system  man,  at  the  desired  ecceleration  input  points. 
This  shortcut  static  analysis  approach  is  presented  to  ap- 
proximate the  expensive  and  time  consuming  dynamics 
analysis  approach  to  the  base  excitation  shock  analysis. 


78-642 

System  Identification  in  Structural  Dynamics 

G.C.  Hart  and  J.T.P.  Yao 

Mech.  and  Structures  Dept.,  Univ.  of  California, 
Los  Angeles,  CA.,  ASCE  J.  Engr.  Mech.  Div.,  103 
(EM6),  pp  1089-1104  (Dec  1977)  2 figs,  3 tables, 
68  refs 

Key  Words:  System  identification  technique,  Reviews 

This  paper  summarizes  past  work  in  system  identification  in 
the  structural  dynamics  area. 


78-644 

Modal  Identification  of  Structures  from  the  Re- 
sponses and  Random  Decrement  Signatures 

S.R.  Ibrahim  and  G.L.  Goglia 

Old  Dominion  Univ.,  Norfolk,  VA.,  Rept.  No.  NASA- 

CR-1 55321, 52  pp  (Oct  1977)  refs 

N78-12442 

Key  Words:  NASTRAN  (computer  program),  Computer 
programs.  Parameter  identification  technique.  Signature 
analysis.  Vibration  signatures 
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The  theory  and  application  of  a method  which  utilizes  the 
free  response  of  a structure  to  determine  its  vibration  para- 
meters are  described.  The  technique  it  applied  to  a complex 
generalized  payload  modal  previously  tested  using  tine 
sweep  method  and  analyzed  by  NASTRAN.  Ten  modes  of 
the  peyload  model  are  identified.  Where  free  decey  response 
is  not  readily  available,  an  algorithm  is  developed  to  obtain 
the  free  responses  of  a structure  from  its  random  responses. 
The  algorithm  it  tested  using  random  responses  from  a 
generalized  payload  model  and  from  the  space  shuttle  model. 


78-645 

A NASTRAN  DMAP  Alter  for  the  Coupling  of 
Modal  and  Physical  Coordinate  Substructures 

T.L.  Wilson 

Fairchild  Space  and  Electronics  Co.,  Germantown, 
MD,  In  NASA,  Washington  Sixth  NASTRAN  Users' 
Colloq.,  pp  1 19-130  (1977)  refs 
N78-12452 

Key  Words:  NASTRAN  (computer  program),  Computer 
programs.  Mathematical  models.  Modal  synthesis 

A method  it  described  to  derive  a generalized  coordinate 
model  consisting  of  flexible  cantilever  modes  and  rigid 
body  modes  from  a physical  coordinate  model  using  a direct 
matrix  abstraction  procedure.  This  model  can  readily  be 
coupled  to  other  substructures  using  modal  synthesis  tech- 
niques. It  allows  the  use  of  a reduced  size  model  for  struc- 
tural analytes  while  maintaining  the  capability  of  recovering 
the  accelerations,  forces,  stresses,  etc.,  from  the  original, 
large,  complex  model.  This  output  recovery  is  accomplished 
with  the  use  of  a loads  transformation  matrix  which  relates 
the  output  parameters  to  the  modal  coordinate  accelerations. 
In  addition,  a method  is  described  to  synthesize  structural 
models  consisting  of  hybrid  coordinates  for  use  in  dynamic 
response  analyses  where  one  structure  is  described  using 
physical  coordinates  and  the  other  using  generalized  modal 
coordinates. 


78-646 

Development  of  an  Automated  Multi-Stage  Modal 
Synthesis  System  for  NASTRAN 

D.N.  Herting  and  R.L.  Hoesly 

Universal  Analytics,  Inc.,  Playa  Del  Rey,  CA..  In: 

NASA,  Washington  Sixth  NASTRAN  Users'  Colloq., 

pp  435-448  (1977)  refs 

N78  12471 

Key  Words:  NASTRAN  (computer  program).  Computer 
programs.  Modal  synthesis 

A mode  synthesis  development  to  be  scheduled  in  the  NAS- 


TRAN multi-level  substructuring  system  for  general  dynamics 
applications  is  described.  The  method  combines  the  better 
features  of  several  state  of  the  art  mode  synthesis  techniques, 
yet  is  general  enough  to  provide  for  any  arbitrary  combina- 
tion of  boundary  degrees  of  freedom  and  normal  mode 
boundary  conditions.  Normal  modes  or  complex  eigenvec- 
tors may  be  used  in  the  definition  of  a structure  component 
which  may  be  combined  with  other  components  of  any 
type.  Combination  structures  fabricated  from  component 
modes  may  be  processed  as  normal  substructures,  including 
further  multi-stage  mode  synthesis  reductions.  Included 
are  discussions  of  the  user  control  of  the  syttem  and  ad- 
vantages in  actual  application. 


78-647 

NASTRAN  Use  for  Cyclic  Response  and  Fatigue 
Analysis  of  Wind  Turbine  Towers 

C.C.  Chamis,  P.  Manos,  J.H  Sinclair,  and  J.R.  Wine- 
miller 

Lewis  Res.  Center,  NASA,  Cleveland,  OH,  In:  NASA, 
Sixth  NASTRAN  Users'  Colloq.,  pp  213-233  (1977) 
refs 

N78- 12459 

Key  Words:  Towers,  Windmills,  Fatigue  life.  Wind-induced 
excitation,  NASTRAN  (computer  program).  Computer 
programs 

A procedure  is  described  which  uses  NASTRAN  coupled 
with  fatigue  criteria  via  a postprocessor  to  determine  the 
cyclic  response  and  to  assess  the  fatigue  resistance  (fatigue 
life)  of  wind  turbine  generator  towers.  The  cyclic  loads  to 
which  the  tower  may  be  subjected  are  entered  either  in  a 
quasi-static  approach  through  static  load  subcases  or  through 
the  direct  dynamic  response  features  of  NASTRAN.  The 
fatigue  criteria  are  applied  to  NASTRAN  output  data  from 
either  rigid  format  through  an  externally  written  user  pro- 
gram embedded  in  a postprocessor. 


78-648 

A Computer  Program  to  Calculate  Normal  Mode 
Propagation  in  a Medium  in  Which  Stratification  is 
a Function  of  Poation 

W.G.  Kanabis 

New  London  Lab.,  Naval  Underwater  Systems  Ctr., 
New  London,  CT,  Rept.  No.  NUSC/NL-TM-221 1- 
11-71, 26  pp  (Jan  1971) 

AD-A046  680/5GA 

Key  Words:  Computer  programs.  Normal  modes.  Elastic 
waves 
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T>tia  program,  written  in  FORTRAN,  uaai  normal  mode 
theory  to  pra diet  acouttic  propagation,  in  a madlum  whose 
velocity  protila  varies  slowly  with  distance  from  tha  acouttic 
tourca,  over  an  ocaan  bottom  whose  dapth  and  acouttic 
impadanca  change  tiowly  with  ranga.  It  producet  CAL- 
COMP  plott  for  given  modes  at  any  fraquancy  in  the  medium 
described  above  of  tha  following:  Amplitude  as  a function 
of  depth  and  tha  ray  equivalent  of  any  mode  at  given  dis- 
tances from  a tourca;  and  Propagation  loss  at  a function  of 
ranga. 


78-649 

A Three  Dimenaional  Finite  Difference  Code  for 
Seianic  Analysis  on  the  1LL1AC  IV  Parallel  Processor 

A S.  Hopkin 

Inst,  of  Advanced  Computation,  Univ.  of  Illinois, 
Champaign-Urbana,  IL,  SAE  Paper  No.  770956, 
4 figs,  3 refs 

Kay  Words:  Computer  programs,  Seismic  response 

The  speed  and  data  storage  limitations  of  most  current 
computer  tyttems  make  the  cott  of  realistic  three  dimen- 
sional seismic  simulations  prohibitive.  One  exception  is 
tha  implementation  of  the  earthquake  simulation  code  TRES 
on  the  ILLIAC  IV.  The  TRES  program  simulates  the  pro- 
pagation of  elastic  waves  emanating  from  an  earthquake  using 
a centered,  finite  difference  scheme  over  a large  three  dimen- 
sional grid.  The  algorithms  of  the  program  have  been  mod- 
ified for  the  unique  computational  environment  of  the 
ILLIAC  IV  parallel  processor. 


ENVIRONMENTS 


ACOUSTIC 

(A Iso  Nos.  $49.  719,  728.  751) 


78-650 

Basic  Aspects  of  the  Application  of  Frequency 
Analysis 

H.A.  Crostack 

Inst,  of  Physical  Production  Engrg.,  Univ.  of  Dort- 
mund, Germany,  Ultrasonics,  _15.  (6),  pp  253  262 
(Nov  1977)  26  figs,  13  refs 

Key  Words.  Frequency  analysis.  Acoustic  excitation 


This  paper  is  intended  to  provide  a brief  introduction  to  the 
application  of  frequency  analysis  in  evaluating  acoustic 
amission  pulses.  Where  background  interference  noise  is  high 
it  is  necessary  to  characterize  the  pulses  and  correlate  them 
with  their  sources.  Frequency  analysis  can  be  used  to  do  this, 
and  its  advantages  and  disadvantages  are  discussed. 


78-651 

A Normal  Mode  Analysis  of  the  Sound  Power  In- 
jection in  Reverberation  Chambers  at  Low  Frequen- 
cies and  the  Effects  of  Some  Response  Averaging 
Methods 

K.  Bod.'und 

Div.  of  Bldg.  Tech.,  Dept,  of  Bldg  Acoustics,  Lund 
Inst,  of  Tech.,  S-220  07,  Lund,  Sweden,  J.  Sound 
Vib.,  55  (4).  pp  563-590  (Dec  22,  1977)  14  figs, 
3 tables,  22  refs 

Key  Words.  Modal  analysis.  Normal  modes.  Reverberation 
chambers 

A normal  mode  analysis  of  the  sound  power  injection  in 
rectangular  reverberation  rooms  has  been  carried  out.  It 
has  been  restricted  to  a pure  tone,  high  impedance  point 
source,  typical  laboratory  chambers  and  the  125  Hz  1/3- 
octave  band  frequency  interval.  The  main  goal  has  been 
to  identify  results  and  guidelines  that  can  be  theoretically 
deduced  and  that  should  be  of  significance  in  actual  sound 
power  measurement  situations.  Some  fundamental  impli- 
cations of  the  normal-mode  theory  are  pointed  out.  The 
problematical  power  dependency  on  the  chamber  dimen- 
sions. the  source  position  and  the  source  frequency  has 
ueen  numerically  analyzed  to  obtain  a quantitative  descrip- 
tion of  the  various  sources  of  error  associated  with  the 
reverberation  room  method. 


78-652 

Interior  Acouatic  Environment  of  STOL  Vehicles 
and  Helicopters 

J.F.  Wilby  and  J.l.  Smullin 

Bolt  Beranek  and  Newman,  Inc  , Box  633,  Canoga 
Park,  CA  91305,  Proc.  NOISE-CON  77,  NASA 
Langley  Res.  Ctr..  Hampton,  VA.,  pp  165-178 
(Oct  17-19, 1977)  12  figs,  24  refs 

Key  Words:  Aircraft  noise,  Helicopter  noise.  Interior  noise. 
Noise  source  identification,  Noise  reduction 

This  paper  reviews  existing  information  regarding  the  interior 
noise  levels  of  short  take-off  and  landing  (STOL)  airplanes 
and  helicopters.  Noise  levels  measured  or  predicted  for 
STOL  aircraft  and  helicopters  are  compared  with  levels 
in  other  vehicles.  The  main  noise  sources  and  propagation 


53 


path*  ere  ktentlfled  Method*  of  reducing  tit*  inter  lot  noise 
levrli  *r*  discussed,  with  emphasis  being  placed  on  ntodlllca 
lion  to  tl>*  propagation  path*. 


78-653 

Sound  Uwl  Measurement* 

Aimy  Inst  amt  L valuation  Command,  Alinidnnn 
Proving  GiounU,  Ml),  Ropt.  No.  I OP  I 608,  33  pp 
(Juno  3,  1077) 

AO  A046  I09/6GA 

Key  Word!  Sound  measurement.  Machinery  nolle.  Weapon! 

systems 

The  r*t>ort  concern!  method!  ot  meaiuring  noli*  level!  ol 
material  ai  a meant  of  evaluating  pertonnel  lately,  ipeech 
Intelllgltillltv,  and  wcurlty  from  acouitlc  detection.  It  coven 
steady-state  and  Impulse  noli*  from  millteiy  vehicle!,  weapon 
lyitemi,  and  noli*  generating  machinery.  It  Includei  Impulie 
noli*  tain  of  explosive  ordnance  materiel.  It  ii  not  airphcable 
to  exploilv*  ordnance  hlait  effect!  utch  ai  lethality. 


RANDOM 


78-634 

Soil-Structure  Interaction  in  a Kandoin  Seismic 
K.nvironnient 

M I’,  Homo  Orgaiilsta 

Ph  D.  Thosls,  Univ.  ol  Calilomia,  Umkokiy,  161  pp 
(1977) 

DM  77  31,620 

Key  Words:  Interaction:  soil  structure.  Seismic  excitation, 
Random  excitation 

An  analytical  method  for  the  itudy  ol  toll  itructure  Interac- 
tion ptohlemi  Ii  deicrllred.  It  takes  Into  account  the  random 
neu  of  earthquake  motion  troth  In  the  definition  of  the 
deilgn  motion  and  the  computed  reiponi*.  In  thli  pro- 
cedure Mlimlc  environment  Ii  defined  In  terrni  of  the  given 
response  ipectrum  ami  tiling  the  extrema  value  theory, 
converted  Into  a deilgn  (lower  ipectrum.  Thli  pierced  ore 
ii  reveriHtl*  and  can  alio  Ire  tried  to  compute  reipnni* 
giectra  from  (rower  spectra 


SEISMIC 

(Aim  we  Nos  tt:l7,  ftM  « /VI.  tIU.I.  til)  7. 
700,  700,  710,  73 h.  7371 


78-635 

Nonatalionar)'  Seismic  Kca|ionar  of  l-ight  F.i|uip- 
IIIOIll 

M P.  Singh  mid  Y.  Won 

Dopt,  ol  I ngtu.  Sci  mid  Much  . Vltginin  Poly  tin  him 
Inst  and  Stain  Univ.,  Rlticksbuig  VA  , ASl'l  .1 
( ngi  Much  Div  . 103  (I  M6),  ('p  H)3h  I04H  (Dm 
1977)  19  tigs,  I tab  In.  Hunts 

Key  Wmdi  Selimlc  excitation.  Selimlc  deilgn.  ti|ulpmenl 
response.  filling  lyilemi 

A metluHl  U ilevelopetl  to  obtain  door  ipectie  curve!  that 
Include  the  effect  of  nonitatfonaifty  of  lelunir  mutloni. 
The  reipouMt  of  a tlmple  itiuctur*  equipment  lyitem  l! 
exarninetl  for  excitation!  modeled  by  Uauulan  shot  nolle 
and  filtered  shot-noise.  The  nonatetlonarlty  due  to  time 
varying  Intenilty  ot  the  excitation  amt  alio  due  to  the  rero 
darting  condition  Is  considered.  The  effects  of  various 
seismic  intensity  modulation  functions  and  structural  paia 
melon  on  the  response  are  evaluated  Useful  results  of 
practical  Importance  aie  obtained  in  teimi  of  response 
ratios  of  normal  loner  y to  stationery  responses,  amt  theli 
application  In  the  generation  ol  Hoot  spectra  curves  for  a 
structure  Is  Illustrated 


78-656 

Mitigating  F.artht|tiakr  F.f  feels  on  Power  Systems 

A .1  Schilt  nnd  D.l  . Nuwsom 

School  ol  Much.  I ngrg.,  I'm  duo  Univ.  Wost  I tiloy 
otto,  IN.  .1  loch  Councils  ol  ASl'l  103  (It'll, 
PP  .19  61  (Doc  19//)  1 tig.  1 tnhlo.  A rots 

Key  Wools  klectrlc  power  plants,  tsithqusk*  response 

A study  was  conducted  using  the  Delphi  method  with  a senes 
of  tout  questionnaires  to  Identity  and  evaluate  methods  lot 
mitigating  the  effects  ot  earthquakes  on  electric  power 
systems.  The  emphasis  was  on  transmission  and  distribution 
facilities  rather  than  generation. 


78-657 

F.*rthi|uakc  Simulation  Teal  mg  of  a Stepping  Flame 
with  F.iieigy-Alisoiltitig  Device* 

.1  M.  Kelltry  nnd  D.l  . I s/tun 

I wthqunko  Ingig  Ros  I'ontot,  I'nliloinkt  Univ,. 
Rnikoloy,  CA  . Ropt,  No.  UCB/l  I RC  ///I/,  bh  pp 
(Aug  19//) 

I’ll  773  U06/6GA 

Kay  Wonts:  tarthquakes.  Simulation.  I rained  structure*. 
Testing  techniques,  tneigy  absorbers 
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Hatultt  *•*  reported  ot  earthquake  tlmulallon  tattt  on  a 
moiM  tram*  with  a partial  hat*  itolation  lyitam  that  Includai 
•nargy  absorbing  devices  Two  aaiiai  ot  tatti  utlng  tcalad 
accelerations  from  th*  it  Cantro  N S tIMO  amt  Pacolrn* 
Dam  t97t  aarthqoak*  grouiHt  motion  i*conl»  war*  used 
at  Input  to  th*  shaking  t atria  on  which  th*  taut  war*  par 
formed  Hatultt  from  thaw  lam  at  a comparart  to  thoM 
trom  aatllat  tartt  on  an  htantlcal  tiam*  with  th*  tounrtatlon 
anchored  at  in  convantlonal  design . amt  paimitiad  to  uplift 
treaty 


78-658 

Shear  Transfer  in  Thick  Walled  Keui  forced  Concrete 
Structure*  lender  Semitic  Loading 

It  N White  Wirt  P Cirri  only 

lVp(  trf  Stiui  luml  1 ngtg  . Comrill  Univ.,  Ithaca. 
NV.  Htrpt  No  7‘>  10,  NST/RA/t  76/133,  92  pp 
(Due  1975) 

PB  273  808/6GA 

Kay  Wottlr  Reinforced  conn  ala.  Seismic  excitation,  fcx 
panmantal  raaulti.  Mathanratical  modal  t.  Contaminant 
•tructura* 

Th*  mechanism  ot  tnanihian*  iliaai  tiantlai  unrtar  cyclic 
loading  In  thick  wall  art  ciackarl  lainlorcart  concrat*  itructuiai 
l>  studied.  Th*  ipacimant  Im'oiporat*  Intartac*  thaai  liana 
lar  amt  rtowal  action  acting  both  aloiw  ami  In  com'art.  Th* 
laaulta  ara  utad  in  a dynamic  analyala  program  to  piarllct 
nonlinear  tarpons*  ot  containment  varaalt.  Th*  work  r sport 
art  her*  mclurtat  experiment!  on  ipacimani  with  1/3  to 
3M  Inch  rtlamatai  reinforcing  trarr  clotting  a crack;  rtaval 
opmant  ot  a mathamatlcal  mortal  to  predict  Mlttnaai  charac 
lanu.oi  of  rtowal  action  in  thick  concrata  aactiont.  rtowal 
action  experiments  (unrtar  cyclic  loartlng)  to  cottaiat*  with 
th*  mathamatlcal  nimtal  piartlctloni.  a rtynamlc  analytlt 
piogram  that  account*  for  th*  non-llnear  load  slip  twhavloi 
at  a crack  carrying  ravaitlng  thaai  ttiaiaat,  amt  latultt  ot 
axparimantt  on  tpacimant  with  large  Iran  (no  14  maximum 
tire)  whara  thaai  It  canlart  hy  comtrlnart  rtowal  action  amt 
inter  lac*  thaai  trantlai 


78-659 

kat  thi|uakr  engineering  Hoar  arch  at  Berkeley  - 1976 

t (ii  thrpmko  l itrjiri  Hos  t'nnini.  Cahtornia  llmv 
Btn knltry . I'A  Hrtpt  Nri  UCB/I  t tU'  77/11 . 198  pp 
(May  19/7) 

PB  273  607/4GA 

hay  Words  Eaithrpiak*  tamtam  tlrucluiat.  Saitmic  rtailgn 

At  th*  Sixth  World  Contaranc*  on  t.aithrpiak*  tnginaanng 
held  in  New  Delhi.  India.  January  10  14.  10/7.  twanty  tiv* 
patratt  war*  pratantarl  try  faculty  paitlcipentt  amt  lataarch 


par  tonnal  aaaoclatad  with  th*  karthriuak*  (nginaarlng 
Hataarch  Canter.  Univartity  ot  Oalltoinla.  Hat kalay  Th* 
papart  have  bean  compiled  In  thli  report  to  llluttrata  turn* 
of  th*  rataarch  work  In  earthquake  anglnaarlng  being  con 
ducted  at  th*  Univartity  ot  California.  Berkeley 

78-660 

Kffective  Seismic  ln|>ut  Through  Rigid  Foundation 
Filtering 

IV  Hay  and  l VP  Jhavoi  i 

Nut  It w rtiirt  Iniitrvrtlivti  Oiv  , John  A Blum*  A 
Attor  iatris  Sttn  ( ranciico.  CA  94106,  Nucl  h rtyji 
IVs  4(r  (1).  tH>  185-196  (19781  6 tig*.  7 
13  ruts 

hay  Woidt  Interaction;  toil  itructur*.  Wav*  dlttractlon. 
Saltmlc  excitation 

In  thli  papar  a tlmpla  yet  raaliitlc  approach  to  account  tor 
a dau  of  tmpoitant  toll  ittuctur*  (ntaractlon  phanrrmanon. 
namely  wav*  tcattatlng  It  raportarl  That*  aftacti  era  avatuat 
art  toi  arbltiailly  Inddant.  hmitontally  polar  Hart  thaai  wavat 
Th*  ratulti  era  axprattad  In  taunt  ot  tillering  functions  lor 
various  foundation  gaomatrlai  and  ambartmant  conditlom 
and  rompaiad  with  exact1  amt  other  approximate  solutions 
Numerical  ratulti  tar  a time  history  ar*  praaantad  In  th*  torm 
ot  translational  and  torsional  accalaretton  rattHint*  tpaett* 


SHOCK 

(Altr<  tea  No  (14.11 

78-661 

Theoretical  Study  of  Aircraft  Impact  on  Keactoi 
Containment  Strut- lure# 

IV  Carlton  and  A Bmli 

Ittylr'i  Wt't'tlit'vv  Vonxlt  tit  tion  ( M St'ti thrill  Mitltll* 
sex  IIBI  20V  llh  Nucl  1 ngi  (Vs  46  (1).  pp 
197  708  (19 ’81  9 tigs  9iets 

hay  Word*  Contaminant  itructurat.  Nuclaar  reactors 
Impact  lattHina*.  Anviatt 

In  coniammanl  rtailgn  that*  It  a raqutiamant  to  r'rotact  th* 
reactor  tynam  trom  th*  attaett  ot  axtarnal  hetardt  amt 
hanc*  It  It  nacattary  Ur  provht*  tunable  wall  thk'knattat 
Thlt  paper  daamhat  tom#  theoretical  iturtiai  for  th#  tun 
Ocular  cat*  ot  an  alrcratt  impact  Corn-rat*  it  assumed  to 
hav*  a llmltart  tanuta  strait  catuh-lty  Th*  paper  tw  rally 
datcrlbai  th*  thaoiy  amt  makes  romper  itont  tor  ddtarant 
corn-rat*  thlr-knaitat 
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GENERAL  WEAPON 

(See  No.  683) 


PHENOMENOLOGY 


COMPOSITE 


78-662 

Wave  Propagation  in  Viscoelastic  Composites  Rein- 
forced by  Orthogonal  Fibers 

H.  Demiray  and  A.C.  Eringen 

Div.  of  Appl.  Math.,  Marmara  Research  Inst.,  141, 
Kadikoy-lstanbul,  Turkey,  J.  Sound  Vib.,  55  (4), 
pp  509-519  (Dec  22.  1977)  5 figs,  8 refs 

Key  Words:  Composite  structures.  Viscoelasticity  theory. 
Wave  propagation 

A two-dimensional  lattice  dynamics  modal  for  a viscoelastic 
composite  reinforced  with  two  sets  of  orthogonally  inter- 
locking fibers  is  given,  and  the  propagation  of  plane  harmonic 
waves  in  such  a medium  is  investigated.  The  composite  con- 
sidered consists  of  two  sets  of  orthogonal  equivalent  elastic 
fibers  and  a viscoelastic  matrix.  The  dispersion  relations  of 
waves  propagating  in  the  medium  are  studied  end  various 
special  cases  are  investigated. 


DAMPING 


78-663 

Steady  Impact  Vibration  of  a Body  Having  Hyatereaia 
Colliaion  Character!/ rice  (3rd  Report.  Stability 
Analysis) 

S.  Maetawa  and  T.  Watanabe 

Faculty  of  Engrg.,  Yamanashi  Univ.,  Kofu,  Japan, 
Bull.  JSME,  20  (150),  pp  1580-1585  (Dec  1977) 
12  figs,  6 refs 

Kay  Words:  Vibration  response,  Hystaretic  damping 

The  stability  problem  for  steady  impact  vibrations  in  a 
vibrating  system  with  a stop  having  triangular  hysteresis 
loop  characteristics  for  force  of  restitution  is  investigated. 


Stability  charts  are  constructed  by  performing  stability 
analysis  of  solutions  for  variational  aquation  of  the  original 
equation  of  motion.  The  stable  and  unstable  branches  of 
resonance  curves  given  in  the  foregoing  report  are  identified 
by  referring  to  theta  stability  charts.  Several  points  on  the 
stable  brenchet  are  confirmed  by  analog  computer  solutions. 


78-664 

Internal  Damping  of  Two-  and  Three  Dimeiutonal 
Continua  (Ein  Anaatz  f.  die  Werkatoffdampfung 
zwei-  und  dreidimenaonaler  Kontinua) 

H.  Grundmann 

Institut  f.  Bauingenieurwesen  I,  Technische  Universi- 
tat  MGnchen,  D-8  Munchen  2,  Z.  angew.  Math.  Mech., 
£7  (10),  pp  565-569  (Oct  1977) 

(In  German) 

Kay  Words:  Internal  damping 

For  the  phenomenological  description  of  the  internal  damp- 
ing tome  equations  are  developed  connecting  the  hydrostatic 
pretsure  and  dilatation  of  volume  and  the  components  of 
the  stress-  and  the  strain-deviator.  The  given  aquations  allow 
a simple  linearization. 


78-665 

Models  for  RC  Frames  with  Degrading  Stiffness 

J.C.  Anderson  and  W.H.  Townsend 
Univ.  of  Southern  California,  Los  Angeles,  CA., 
ASCE  J.  Struc.  Div.,  103  (ST12),  pp  2361-2376 
(Dec  1977)  14  figs.  1 table,  16  refs 

Key  Words:  Reinforced  concrete,  Structural  members, 
Hystaretic  damping.  Mathematical  models 

Analytical  models  for  representing  the  hysteretic  behavior 
of  reinforced  concrete  members  are  reviewed.  Two  degrading 
trilinaar  models  are  suggested,  one  of  which  considers  the 
effect  of  the  connection.  The  inelastic  dynamic  response  of 
a 10-story  single-bay  frame  to  earthquake  excitation  is 
evaluated  using  the  two  proposed  models.  For  purposes  of 
comparison,  the  response  using  a bilinear  modal  and  de- 
grading bilinear  model  is  also  considered. 


FLUID 

(See  No.  689) 


SOIL 

(Also  see  Nos.  654,  660.  7J7.  738) 


I 

I 


56 


! 


78-666 

Soil-Structure  Interaction  for  Transient  Load*  Due 
to  Safety  Relief  Valve  Discharge* 

W.S.  Tseng  and  N.C.  Tsai 

Bechtel  Power  Corp.,  San  Francisco,  CA  94119, 
Nucl.  Engr.  Des.,  45  (1),  pp  251-259  (1978)  8 figs, 
2 refs 

Kay  Word*:  Interaction:  «oil-*tructure,  Foundation*,  Tran- 
*ient  ratponaa 

Dynamic  ratponaa*  of  BWR  Mark  II  containment  structures 
subjected  to  axisymmetric  transient  pressure  loadings  due  to 
simultaneous  safety  relief  valve  discharges  were  investigated 
using  finite  element  analysis.  To  properly  consider  the  soil- 
structure  interaction  effect,  a simplified  lumped  parameter 
foundation  model  and  an  axisymmetric  finite  element 
foundation  model  with  viscous  boundary  impedance  are 
used.  Analytical  results  are  presented  to  demonstrate  the 
effectiveness  of  the  simplified  foundation  model  and  to 
exhibit  the  dynamic  response  behavior  of  the  structure  as 
the  transient  loading  frequency  and  the  foundation  rigidity 
vary.  The  impact  of  the  dynamic  structural  response  due 
to  this  type  of  loading  on  the  equipment  design  is  also 
discussed. 


DATA  REDUCTION 

(See  No.  634) 


DIAGNOSTICS 


78-668 

Structural  Calibration  Technique  for  Quantitative 
Application  of  Acoustic  Emission 

A.  Pollock 

Dunegan/Endevco,  San  Juan  Capistrano,  CA.,  Acus- 
tica.  38  (5),  pp  281-284  (Nov  1977)  2 figs,  10  refs 

Key  Words:  Diagnostic  techniques 

Acoustic  emission  simulators  can  be  used  to  provide  informa- 
tion for  system  design,  to  verify  system  performance,  and 
to  provide  a basis  for  quantitative  data  interpretation.  The 
problem  of  transferring  a diagnostic  approach  from  the 
laboratory  to  the  field  it  the  major  subject  of  this  paper. 
Transfer  methods  for  both  events  date  and  counts  date  are 
presented,  and  the  significance  of  emission  amplitude  dis- 
tribution in  this  context  is  demonstrated. 


EXPERIMENTATION 


BALANCING 


78-667 

An  Analyai*  of  a New  Type  of  Automatic  Balancer 

M.T.  Hedaya  and  R.S.  Sharp 

Dept,  of  Mech.  Engrg.,  The  University  of  Leeds,  UK, 
J.  Mech.  Engr.  Sci.,  J19  (5),  pp  221-226  (Oct  1977) 
4 figs,  1 table,  5 refs 

Key  Words:  Dynamic  balancing,  Rotors 

A new  type  of  automatic  balancer  which  consists  of  a pair 
of  two-ball  balancers  to  compensate  for  unbalanced  inertia 
forces  and  moments  is  presented.  A stability  analysis  of  the 
balanced  condition  achievable  by  such  a balancer  and  the 
results  of  a parametric  study  of  its  stability  are  included. 
Conclusions  are  drawn  regarding  the  satisfactory  operation 
of  the  balancer. 


78-669 

Acoustic  Incipient-Failure  Detection 

H.P.  Bloch 

Exxon  Chemical  Co.,  Baytown,  TX  77520,  Oil  and 
Gas  J„  76  (6),  pp  62-72  (Feb  6,  1978)  3 tables, 
8 refs 

Key  Words:  Diagnostic  techniques.  High  frequency  reso- 
nance technique.  Computer-aided  techniques 

Defects  in  machinery  and  mechancial  structures  are  charac- 
terized by  corresponding  abnormalities  and  changes  in  the 
high-frequency  emission  pattern.  These  acoustic  high  fre- 
quencies can  be  measured  with  electronic  instruments  which, 
for  reasons  of  cost  effectiveness  and  continuous  on-line 
surveillance,  can  be  incorporated  in  e computerized  moni- 
toring system.  Application  of  acoustic  incipient  failure 
detection  (IFD)  technology  at  Exxon  Chemical  Co.,  Bay- 
town,  Texas,  is  described. 


78-670 

Computer  Assisted  Vibration  Monitoring  Successful 

M.H.  Price 

ARCO  Chemical  Co.,  Channelview,  TX  77530, 
Hydrocarbon  Processing,  56_  (12),  pp  85-90  (Dec 
1977)  1 1 figs,  4 tables,  2 refs 
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Key  Words ; 
nlquas 


Computer  tided  techniques,  Diagnostic  tech- 


A computer  essisted  vibration  monitoring  system  is  de- 
scribed, which  provides  a practical  method  of  closely  moni- 
toring large  critical  rotating  equipment.  It  continuously 
monitors  vibrations  levels  ol  critical  rotating  equipment, 
automaticelly  analyses,  stores,  and  updates  vibration  infor- 
mation for  troubleshooting  purposes  and  generates  alarms 
that  Indicate  the  source  of  trouble  If  problems  develop. 


EQUIPMENT 


78-671 

A Systematic  Study  of  Vibration  Standards  - Mount- 
in*  Effects 

R S.  Koyanagi,  J.D.  Pollard,  and  J D.  Rambo/ 
Vibration  Section,  National  Bureau  of  Standards. 
Washington,  O.C.,  Rept.  No.  NBSIR  73-291.  44  pp 
(Sept  1973) 

Sponsored  by  the  Dept,  of  Defense  Calibration 
Coordination  Group,  Redstone  Arsenal,  AL 
PB  272  376/5GA 


Kay  Words:  Standards  and  codas,  Accelerometers,  Equip- 
ment mounts 


The  purpose  of  the  study  was  to  determine  the  extent  of 
the  sensitivity  change  of  laboratory  quality  piezoelectric 
accelerometers  for  various  mounting  conditions.  The  mount- 
ing variables  included  the  material  upon  which  the  accelero- 
meter was  mounted,  geometry,  the  use  of  commercial  In- 
sulated  studs,  and  the  use  of  mounting  stud  thread  size 
adaptors. 


FACILITIES 


78-672 

Automatin*  Truck  Notec  Data  Acquisition  and 
Reduction 

N A.  Miller 

International  Harvoster,  2911  Meyer  Rd.,  Fort 
Wayne,  IN  46803,  Proc.  NOISE-CON  77.  NASA 
Langley  Res.  Ctr.,  Hampton,  VA,  pp  483-498  (Oct 
17-19,  1977)  11  figs 


Key  Words:  Test  facilities.  Noise  measurement,  Data  reduc- 
tion, Trucks 


The  truck  noise  data  acquisition  and  reduction  system  at 
International  Harvester  is  a totally  automated  drive-by 
test  fecility.  The  system  was  designed  specifically  to  per- 
form development  and  compliance  tests  associated  with 
the  SAE  J366b  drive-by  procedure  and  the  requirements 
of  the  U S.  EPA  Noise  Standard  for  Medium  and  Heavy 
Duty  Trucks.  The  rationale  upon  which  thet  system  wes 
bated  and  the  description  of  the  components  elected  are 
presented. 


78-673 

A Research  Prograin  to  Reduce  Interior  Noise  in 
General  Aviation  Airplanes.  Design  of  an  Acoustic 
Panel  Test  Facility 

J.  Roskam,  V.U.  Muirhead,  H.W.  Smith,  and  T.D. 
Henderson 

Center  for  Research,  Inc.,  Kansas  Univ.,  Lawrence, 
KS  66044,  Ropt.  No.  NASA-CR  155152,  KU-FRL- 
317-3.  102  pp  (Aug  1977) 

N77-33957 


K«y  Words:  Test  facilities,  Sound  transmission  lots.  Acoustic 
insulation,  Panels,  Aircraft 


The  design,  construction,  and  costs  of  a test  facility  for 
determining  the  sound  transmission  loss  characteristics  of 
various  panels  and  panel  treatments  are  described.  The 
pressurization  system  and  electronic  equipment  used  in 
experimental  testing  are  discussed  as  well  at  the  reliability 
of  the  facility  and  the  data  gathered.  Test  results  ere  com- 
pared to  pertinent  acoustical  theories  for  panel  behavior 
and  minor  anomalies  in  the  data  are  examined.  A method 
for  predicting  panel  behavior  in  the  stiffness  region  is  pre- 
sented. 


78-674 

A Research  fo  Reduce  Interior  Noiae  in  General 
Aviation  Airplanes.  General  Aviation  Interior  Noiae 
Study 

J.  Roskam,  V.U.  Muirhead,  H.W.  Smith,  and  T.D. 
Peschier 

Center  lor  Research,  Inc,,  Kansas  Univ.,  Lawrence, 
KS  66044,  Rept  No.  NASA-CR- 155 153;  KU-FRL- 
317  4,  159  pp  (Aug  1977) 

N77-33958 


Kay  Words:  Tast  facilities,  Sound  transmission  loss,  Acous- 
tic Insulation,  Panals,  Aircraft  nolsa,  Noise  reduction 


The  construction,  calibration,  and  properties  of  a facility 
for  measuring  sound  transmission  through  aircraft  type 
panels  are  described  along  with  the  theoretical  and  ampirical 
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methods  used.  Topics  discussed  Include  typlcel  noise  source, 
sound  transmission  path,  and  acoustic  cabin  properties  and 
their  affect  on  Interior  noise. 


78-675 

Laboratory  Model  Testing  for  Earthquake  Loading 

R.W.  Clough  and  V.V.  Bertero 
Univ.  of  California,  Berkeley,  CA..  ASCE  J.  Engr. 
Mech.,  Div.,  103  (EM6),  pp  1105-1124  (Dec  1977) 
23  figs,  20  refs 

Key  Words:  Test  facilities.  Earthquake  response,  Struc- 
tural members 

Two  types  of  facilities  used  at  the  University  of  California, 
Berkeley,  for  laboratory  study  of  earthquake  response 
characteristics  of  typical  structures  are  described:  A 20-ft 
square  shaking  table:  and  a variety  of  controlled  loading 
devices. 


78-676 

Wind-Tunnel  Teating  of  Structures 

J.E.  Cermak 

Dept,  of  Civil  Engrg  , Colorado  State  Univ.,  Fort 
Collins,  CO,  ASCE  J.  Engr.  Mech.  Div.,  103  (EM6), 
pp  1125  1140  (Dec  1977)  12  figs,  42  refs 

Key  Words:  Test  facilities.  Wind  tunnel  tests.  Scaling, 
Buildings,  Wind-induced  excitation 

Special  meteorological  wind  tunnels  that  simulate  essential 
characteristics  of  natural  boundary-layer-type  wind  are 
available  at  shown  in  this  paper.  Modeling  criteria,  measure- 
ment techniques,  and  data  processing  to  determine  mean 
and  fluctuating  wind  pressures,  dynamic  response,  and  in- 
duced street  level  winds  from  measurements  on  small-scale 
models  of  structures  have  been  established. 


INSTRUMENTATION 


78-677 

A Broadband  Probe  for  Studies  of  Acoustic  Surface 
Wave* 

E.  Harnik 

Dept  of  Physics.  The  City  Univ.,  St.  John  Street, 
London  EC1V  4PB,  UK.  J.  Phys.  E.  (Sci.  Instr.), 
10  (12).  PP  1217-1218  (Dec  1977)  3 figs.  6 refs 


Key  Words:  Measuring  instruments,  Rayleigh  waves 

An  acoustic  surface  wave  probe  hat  been  developed  for  use 
in  broadband  non-destructive  testing  and  in  aeismological 
modeling,  ft  rakes  a negligible  amount  of  energy  from  the 
ultrasonic  beam  and  appears  to  reproduce  accurately  the 
shape  of  an  ultrasonic  pulse.  The  probe  it  characterised  by 
simplicity  of  construction  and  operation. 


78-678 

Wind-Tunnel  Measurement  of  Dynamic  Croaa-Cou- 
pling  Derivative* 

E.S.  Hantt  and  K.J.  Orlik  Ruckemann 
National  Aeronautical  Establishment.  National  Res. 
Council  ot  Canada.  Ottawa,  Ontario,  Canada,  J. 
Aircraft,  15  (1),  pp  40  46  (Jan  1978)  10  figs.  7 refs 

Key  Words.  Instrumentation,  Dynamic  testing.  Aircraft, 
Wind  tunnel  tests 

An  oscillatory  apparatus  and  the  associated  date-reduction 
procedure  tor  routine  measurement  of  the  12  static  and 
dynamic  moment  derivatives  due  to  pitching  and  yawing  have 
been  developed.  The  list  ot  derivatives  includes  some  dy- 
namic cross-coupling  derivatives,  which  have  never  been 
systematically  measured  before.  It  was  therefore  considered 
desirable  to  develop  an  independent  calibration  system  to 
verify  the  basic  principles  of  the  method  and  to  confirm  the 
validity  of  the  data-reduction  procedure  used.  A three- 
degrees-af-freedom  dynamic  calibratory  was  constructed, 
with  which  the  aerodynamic  moments  in  pitch,  yaw.  and 
roll  could  be  simultaneously  simulated. 


78-679 

Earthquake  Response  and  Instrumentation  of  Build- 
ings 

C.  Rojahn  and  R.B.  Matthiesen 
U.S.  Geological  Survey.  Menlo  Park,  CA,  J.  Tech 
Councils  of  ASCE,  103  (TCI),  pp  1 12  (Dec  1977) 
10  figs,  23  refs 

Key  Words:  Mersuring  Instruments.  Building  response, 
Earthquake  response 

An  optimal  instrumentation  system  for  interpreting  building 
response,  designed  so  that  motion  in  the  horisontal  plane  of 
each  instrumented  floor  is  deflnad.  it  described.  Strong- 
motion  recording  systems  utilising  single  end  multlaxlal 
remote  accelerometers  connected  via  data  cable  to  a central 
recorderls)  are  used  for  buildings  rather  than  self-contained 
triaxial  accelerographs. 


SCALING  AND  MODELING 

(Sea  No.  759) 
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TECHNIQUES 


78-680 

A New  Technique  for  Noiae  Source  Identification 
on  a Multi-Cylinder  Automotive  Engine 

R.J.  Alfredson 

Dept,  of  Mech.  Engrg.,  Monash  Univ.,  Clayton, 
Victoria  3168,  Australia,  Proc.  NOISE-CON  77, 
NASA  Langley  Res.  Ctr.,  Hampton,  VA.,  pp  307- 
318  (Oct  17-19,  1977)  10  figs,  2 tables,  15  refs 

Kay  Words:  Engine  nolle,  Noiie  meaeurement,  Measure- 

iment  technique! 

An  approach  for  identifying  and  ranking  noiie  source!  in 
a muitisource  situation  for  noise  control  purposes  is  de- 
scribed. It  consists  of  measuring  the  acoustic  intensity  at 
a large  number  of  positions  close  to  the  surface  of  the  engine. 
The  intensity  is  determined  from  simultaneous  measurement 
of  the  fluctuating  pressure  and  pressure  gradient.  Digital 
techniques  are  used  for  all  data  processing. 


78-681 

Modal  Test  Methods  and  Applications 

C.V.  Stahle 

Space  Div.,  General  Electric  Co.,  J.  Environ.  Sci., 
21  (1 ),  pp  24,  33-35  (Jan/Feb  1978) 

Key  Words:  Modal  tests.  Testing  techniques 

In  this  article  modal  test  objectives  are  reviewed  - data 
applications  and  usage  are  discussed.  Some  problem  areas 
and  current  test  methods  are  described.  The  base  excitation 
method,  a method  with  many  advantages  and  that  it  not 
too  commonly  used,  is  emphasised.  Some  alternate  test 
methods,  approaches  and  developments  that  might  be  pos- 
sibilities in  the  future  are  suggested.  The  most  cost  effective 
modal  test  method  is  view  of  recent  fast  fourier  transform/ 
minicomputer  advances  is  discussed. 


78-682 

Dynamic  Tests  of  Full-Scale  Structures 

D.E.  Hudson 

California  Inst,  of  Tech.,  Pasadena,  CA.,  ASCE  J. 
Engr.  Mech.  Div.,  103  (EM6),  pp  1141-1157  (Dec 
1977)  12  figs.  59  refs 
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Key  Words:  Dynamic  tests.  Earthquake  response.  Wind- 
induced  excitation.  Underground  explosions 

Basic  objectives  of  dynamic  testing  are  outlined,  and  major 
test  types  are  summarized.  Force  generation  equipment 
suitable  for  tests  of  full-scale  structures  is  described.  Results 
of  low-level  ambient  vibration  tests  are  compered  with 
higher-level  vibration  generator  tests,  end  with  excitations 
caused  by  strong  earthquake  ground  motion.  Some  instru- 
mentation systems  suitable  for  such  testing  are  described. 
Information  Is  given  on  the  ground  motions  caused  by  large 
underground  explosions,  and  the  use  of  such  explosions 
to  simulate  damaging  earthquake  excitations  is  considered. 


78-683 

Performance  Evaluation  of  Shipping  Containers  for 
the  GBU-15  Guided  Bomb  System  and  the  AIM 
9J-1  Canards 

J.J.  Berardino 

Air  Force  Packaging  Evaluation  Agency,  Wright- 
Patterson  AFB,  OH,  Rept.  No.  PTPT-77-40,  17  pp 
(Sept  1977) 

AD-A046  643/3GA 

Key  Words:  Shipping  containers.  Ammunition,  Tranq>orte- 
tion  effects.  Drop  tests  (impact  tests),  Vibration  tests 

Each  of  the  four  containers  used  for  the  GBU-15  TV  guided 
bomb  system  were  subjected  to  vibration  and  superimposed 
load  tests  to  simulate  conditions  experienced  during  trans- 
port and  storage  respectively.  In  addition,  the  dynamic 
performance  of  the  containers  was  evaluated  using  one  or 
more  mechanical  or  rough  handling  tests,  including  free-fall 
drop,  edgewise  rotational  drop,  and  pendulum  impact. 
The  containers  were  checked  for  pressure  retention  before 
and  after  completion  of  the  testa  All  tests  were  conducted 
in  conformance  with  Federal  Test  Method  Standard  101B. 
Subsequent  functional  tests  conducted  on  each  GBU-15 
item  indicated  they  were  fully  operational.  Evaluation 
of  the  M648  ammunition  can  for  the  AIM  9J-V  canards  was 
limited  to  vibration  and  free-fall  drop  testa 


COMPONENTS 


SHAFTS 


78-684 

Quaa-Stationary  Vibrations  of  a Routing  Shaft 


Which  Rub*  Against  an  Interference.  Spiral  Vibration 
(Quaai-Stationare  Schwingungen  einer  rotierenden 
Welle,  die  an  einem  Hind  emit  (treift  - Spiral  Vibra- 
tion) 

\N.  Kellenberger  and  A.G.  Brown 

Boveri  & Cie,  CH-5401  Baden,  Switzerland,  Ing. 

Arch.,  46  (6).  pp  349-364  (1977)  12  figs.  3 refs 

Kay  Words:  Shafts.  Rotating  structural,  Vibration  response 

The  rubbing  of  a rotating  shaft  on  a stationary  Interference 
1s  represented,  subject  to  soma  simplifying  assumptions,  by 
a system  of  nonlinear  vector  differential  equations  Sipringt, 
collectors  and  scaling  rings  are  typical  Interference  elements 
in  electrical  machines,  at  are  stators  and  housings  in  turbines. 
The  vibration  vector  of  the  rotating  shaft  varies  with  time 
in  the  rotating  coordinate  system.  The  locus  of  the  vibration 
vector  point  is  approximately  circular  and  its  magnitude 
can  quickly  risa  to  an  unacceptable  value  after  a sufficiently 
long  time  and  haat  dissipation.  The  process  can  therefore 
become  unstable.  To  a good  approximation  tha  slow  rota- 
tion of  tha  vibration  vector  can  be  derived  from  an  ordinary 
vector  equation.  The  theoretical  "suits  cast  light  on  both 
former  and  recent  observations  on  machines  in  operation. 


78-685 

Stability  Analysis  of  a Rotating  Shaft  System  with 
Many  Bearings  and  Dubs 

K.  Kikuchi  and  S.  Kobayashi 

Mech.  Engrg.  Research  Lab.,  Hitachi  Ltd.,  Tsuchiura, 
Japan.  Bull.  JSME,  20  (150),  pp  1592-1600  (Dec 
1977)  10  figs,  6 tables,  7 refs 

Key  Words:  Shafts.  Rotors,  Self-excited  vibrations 

A calculation  method  incorporating  the  transfer  matrix 
method  and  the  characteristic-vector  locus  method  (Cremer- 
Leonhard-Muxaulob's  criterion)  has  been  developed  for 
stability  analysis  of  the  self-excited  vibration  of  a rotating 
shaft  system  with  many  bearings  and  disks.  As  the  result 
of  calculations  end  experiments  on  some  model  rotors  sup- 
ported by  cylindrical  journal  bearings,  it  was  concluded  that 
calculation  results  agreed  well  with  almost  all  experimental 
ones,  and  that  a comparatively  large  gyroscopic  moment  of 
disk  affected  the  stability  of  a rotor  system  even  when  the 
bearing  eccentricity  wet  more  than  about  0.8. 


Intermediate  Supporting  Points 

M.  Kuroda,  S.  Hatano,  and  N.  Sonoda 
Faculty  of  Engrg.,  Seikei  Univ.,  Musashino-shi, 
Tokyo,  Japan,  Bull.  JSME.  20  (150),  pp  1586-1591 
(Dec  1977)  5 figs,  2 tables,  7 refs 

Key  Words:  Beams,  Variable  cross  section,  Rotational  inertia 
effects.  Transverse  shear  deformation  effects.  Natural  fre- 
quencies, Flexural  vibrations 

Two  types  of  frequency  equations  for  bending  vibrations  of 
a uni-tapered  beam  with  two  intermediate  supporting  points 
are  introduced.  One  is  for  the  cate  where  the  effects  of  sheer 
deformation  and  rotational  inertia  ere  taken  Into  considera- 
tion and  the  other  it  for  the  case  where  these  effects  are 
neglected.  Qualitative  and  quantitative  differences  of  the 
two  frequency  equations  ere  made  clear  with  the  help  of 
experimental  data  and  numerical  computations,  demon- 
strating the  usefulness  of  the  study. 


78-687 

Vibrational  Characteriatica  of  Cracked  Cantilever 
Platea 

J.S.  Ogg 

Aeronautical  Systems  Div„  Wright-Patterson  AFB, 
OH,  Rept.  No.  ASD-TR -77-65,  50  pp  (Oct  1977) 
AD-A046  636/7GA 

Key  Words:  Cantilever  beams.  Cantilever  pistes.  Cracked 
media,  Vibration  response 

An  analytical  solution  to  the  vibrational  characteristics  of 
a rectangular  cantilever  plate  with  a discontinuous  boundary 
condition  (crack)  at  the  root  it  presented.  Mechanical  damp- 
ing which  may  exist  as  a result  of  the  contact  between  the 
crack's  free  surfaces  during  vibration  hat  been  eliminated 
by  assuming  the  creek  surface  to  be  a free  boundary.  The 
approach  to  solution  involves  the  use  of  the  method  of 
Rlti  applied  to  Hamilton's  Law  of  Varying  Action.  A com- 
parison it  made  to  the  solution  at  obtained  from  conven- 
tional finite  element  theory  (NASTRAN).  No  exact  solu- 
tion Is  available  for  comparison.  The  assumptions  which 
underlie  both  theories  ere  outlined.  A comparison  it  made 
to  the  experimental  etults  for  a cantilever  plate  with  a 
narrow  slot  of  varying  lengths  at  the  root.  Indications  ere 
that  significant  frequency  deterioration  and  nodal  pattern 
variations  occur  with  increasing  crack  length.  Further  work 
on  the  effect  of  crackt/f  laws  on  plate  response  it  warranted. 


BEAMS,  STRINGS,  RODS,  BARS 

(Also  see  No.  711) 


78-686 

Natural  Vibrations  of  a Uni-Tapered  Beam  with  Two 


78-688 

Continuum  Model*  for  the  Dynamic  Analysts  of 
Beams  and  Beam-Like  Structures 

0.1.  Abduikarim 
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Ph.D.  Thesis,  Univ.  of  California,  Berkeley,  164  pp 
(1977) 

UM  77-31 ,264 

Key  Words:  Beams,  Eigenvalue  problems.  Continuum 
mechanics.  Mathematical  models 

A new  method  for  obtaining  approximate  solutions  for 
eigenvalue  problems  associated  with  continuum  modeling 
of  beams  and  beam-like  structures  is  introduced  here.  The 
method  features  an  efficient,  iterative,  numerical  shooting 
technique  for  simultaneous  generation  of  the  eigenvectors 
and  estimation  of  the  eigenvalues.  It  Is  suited  for  obtaining 
the  first  dozen  or  so  frequencies  and  mode  shapes.  Con- 
tinuum modeling  of  this  class  of  structures  is  becoming 
practical  by  the  development  of  this  numerical  technique. 


BLADES 


78-689 

Noise  Due  to  Interaction  of  Boundary-Layer  Tur- 
bulence with  a Compressor  Rotor 

N.  Moiseev,  B.  Lakshminarayana,  and  D.E.  Thompson 
Applied  Res.  Lab.,  Pennsylvania  State  Univ.,  State 
College,  PA.  J.  Aircraft,  15  (1),  pp  53-61  (Jan  1978) 
21  figs,  3 tables,  7 refs 

Sponsored  by  the  David  W.  Taylor  Naval  Ship  Res. 
& Dev.  Center 

Kay  Words:  Compressor  blades.  Noise  generation.  Flow- 
induced  excitation.  Turbulence 

The  radiated  sound  due  to  a compressor  or  propulsor  rotating 
blade  row  was  investigated  under  various  operating  condi- 
tions and  inflows.  The  propulsor  was  operated  in  air  with 
different  blade  space-to-chord  ratios,  different  flow  coef- 
ficients and  differing  turbulence  (nonisotropic)  inflows.  A 
parametric  investigation  of  tha  affect  of  inflow  characteristics 
on  the  radiated  sound  was  made. 


78-690 

Nonlinear  Aeroelastic  Equations  for  Combined 
Flapwise  Bending,  Chordwise  Bending,  Torsion, 
and  Extension  of  Twisted  Nonuniform  Rotor  Blades 
in  Forward  Flight 

K.R.V.  Kaza  and  R.G.  Kvaternik 

Lewis  Res.  Center,  NASA,  Cleveland,  OH,  Rept. 

No.  NASA-TM-74059, 1 1 1 pp  (Aug  1977) 

N77-33107 


Key  Words:  Rotor  blades.  Beams,  Equations  of  motion 

Second-degree  nonlinear  aeroelastic  aquations  were  devel- 
oped using  Hamilton's  principle.  Tha  implications  of  the 
slender  beam  approximation  as  applied  to  the  derivation  of 
the  second-degree  nonlinear  aquations  of  motion  are  dis- 
cussed and  a mathematical  ordering  schema  which  is  com- 
patible with  tha  assumption  of  a slander  beam  is  introduced. 
The  blade  aerodynamic  loading  was  obtained.  The  aqua- 
tions were  compared  with  several  of  those  existing  in  tha 
literature  and  the  results  are  discussed. 


78-691 

An  Experimental  and  Analytical  Inveatigation  of 
Proprotor  Whirl  Flutter 

R.G.  Kvaternik  and  J.S  Kohn 

Langley  Res.  Center,  NASA.  Langley  Station,  VA, 

Rept.  No.  NASA-TP-1047;  L-11656,  76  pp  (Dec 

1977)  refs 

N78- 12039 

Key  Words:  Rotors,  Propeller  blades.  Flutter 

The  results  of  an  experimental  parametric  investigation  of 
whirl  flutter  are  presented.  Tha  model  consists  of  a wind- 
milling propeller-rotor,  or  proprotor,  having  blades  with 
offset  flapping  hinges  mounted  on  a rigid  pylon  with  flex- 
ibility in  pitch  and  yaw.  Casas  of  forward  whirl  flutter  and 
of  backward  whirl  flutter  are  documented. 


DUCTS 

(Also  see  No.  746) 


78-692 

Analytical  and  Experimental  Studies  of  Acoustic 
Performance  of  Segmented  Liners  in  a Compressor 
Inlet 

R.E.  Motsinger,  R.E.  Kraft,  J.E.  Paas,  and  B.M.  Gahn 
Aircraft  Engine  Group,  General  Electric  Co..  Even- 
dale,  OH,  Rept.  No.  NASA-CR-2822;  R77AEG377, 
147  pp  (Sept  1977) 

N77-33960 

Key  Words:  Acoustic  liners,  Ducts,  Compressors 

The  performance  of  axially  segmented  (phased)  acoustic 
treatment  liners  In  tha  inlet  of  a compressor  was  investigated. 
Topics  discussed  include:  the  validation  of  a theoretical 
procedure  to  predict  propagation  and  suppression  charac- 
teristics of  duct  liners;  the  in-duct  measurement  of  spinning 
modes;  investigation  of  phased  treatment  designs;  high 
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Mach  inlat  acoustic  tests;  and  an  experimental  investigation 
of  inlat  turbolenca. 


FRAMES,  ARCHES 


78-693 

Space  Frame  Simulated  for  Structural  Design 

J.F.  McDonough,  T.M.  Baseheart,  and  B.C.  Ringo 
Univ.  of  Cincinnati,  Cincinnati,  OH  45221,  Com- 
puters and  Struc.,_7  (6),  pp  747-750  (Dec  1977) 
5 figs,  3 refs 

Kay  Words:  Framed  structures,  Buildings,  Reinforced 
concrete,  Earthquake  resistant  structures,  Computer  pro- 
grams 

This  paper  presents  a unique,  cost-saving  analysis  procedure 
for  a complex  space  frame  structure  subjected  to  earthquake 
and  wind  loadings.  Simplification  is  made  by  simulation 
of  the  structural  model  for  a multi-story,  unsymmetrical, 
reinforced  concrete  building  subject  to  substantial  lateral 
loads.  The  concept  combined  two  computer  analysis  pro- 
cedures and  reduced  the  time  and  cost  incurred  in  the  overall 
analysis. 


GEARS 


784194 

Dynamic  Behavior  of  Planetary  Gear  (3rd  Report. 
Displacement  of  Ring  Gear  in  Direction  of  Line  of 
Action) 

T Hidaka,  Y.  Terauchi,  M.  Nohara,  and  J.  Oshita 
Faculty  of  Engrg.,  Yamaguchi  Univ,,  Tokiwadai, 
Ube,  Bull.  JSME,  20  (150),  pp  1663-1672  (Dec 
1977)  20  figs.  2 tables,  1 1 refs 

Key  Words:  Gears,  Dynamic  response,  Finite  element 
technique 

The  calculation  for  the  deformation  of  a ring  gear  was  made 
using  a finite  element  model. 


MECHANICAL 


78-695 

Dynamics  of  Disconnectable  Mkrodrives  of  Mine 
Hoisting  Units 


D.P.  Pampura  and  A.K.  Maslix 
NASA,  Washington,  D.C.,  Rept.  No.  NASA-TM- 
75186,  14  pp  (Nov  1977)  refs  (Transl.  into  Engl, 
from  Izu.  Uyssh.  Ucheb.  Zaved.,  Elektromekh. 
(USSR),  no.  9,  pp  1002-1007,  Sept  1969) 

N78-12416 

Key  Words:  Clutches,  Dynamic  response 

A model  study  is  presented  on  drives  for  the  electromagnetic 
clutches  usad  in  hoists.  Equations  ware  set  up  and  solved, 
describing  the  principles  of  the  slip  variation  during  the 
transient  period  of  the  plats  engagement. 


PANELS 


78-696 

Finite-Element  Panel  Flutter  in  Three-Dimeniional 
Supersonic  Unsteady  Potential  Flow 

T.Y.  Yang  and  S.H.  Sung 

Purdue  Univ.,  West  Lafayette,  IN,  AIAA  J.,  15^  (12), 
pp  1677-1683  (Dec  1977)  9 figs,  19  refs 
Sponsored  by  the  Air  Force  Flight  Dynamics  Lab 

Key  Words:  Pane's,  Flutter,  Fluid-induced  excitation.  Finite 
element  technique 

A finite-element  formulation  and  solution  procedure  were 
developed  for  flutter  prediction  of  rectangular  panels  with 
one  surface  exposed  to  three-dimensional  supersonic  un- 
steady potential  flow.  Each  element  was  divided  into  several 
Mach  boxes.  The  aerodynamic  influence  coefficients  between 
each  pair  of  sending  and  receiving  boxes  were  computed 
by  the  method  of  Gaussian  quadrature. 


PIPES  AND  TUBES 

lAlso  see  No.  655) 


78-697 

Locating  Pipe  Supports  for  Combined  Thermal  and 
Seismic  Loading 

C.A.  Miller,  C.J.  Costantino,  and  H.l.  Fink 

The  City  College  of  New  York,  New  York,  NY, 

ASME  Paper  No.  77-PVP-63 

Key  Words:  Pipes  (tubes),  Supports,  Seismi-  response 

A method  was  developed  for  evaluating  the  optimum  number 
and  location  of  the  pipe  supports  for  a system  subjected  to 
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both  thermal  and  Minnie  loading.  A tingle  run  of  pipe 
wet  isolated  with  moment  fringe  timulating  the  MlffneM 
of  the  remainder  of  the  system.  Thermal  shear  deformations 
ware  placed  at  the  end  of  the  pipe  run  simultaneously  with 
Mimic  disturbance  defined  in  spectral  form.  The  number 
and  location  of  supports  which  minimize  the  maximum 
moment  were  determined. 


78-698 

Transient  Cavitation  Effects  in  Fluid  Piping  Systems 

C.A.  Kot  and  C.K.  Youngdahl 

Argonne  National  Lab.,  Argonne,  IL  60439,  Nucl. 

Engr.  Des.,  45  (1),  pp  93-100  (1978)  8 figs,  9 refs 

Key  Words:  Piping  systems.  Nuclear  power  plants.  Cavita- 
tion, Fluid  hammer 

An  accurate  prediction  of  pressure  transients  and  associated 
loadings  in  nuclear  power  plant  piping  systems  requires 
s treatment  of  cavitation.  A technique  for  calculating  this 
effect  in  a general  fluid-hammer  analysis  by  the  method  of 
characteristics  was  developed.  While  the  model  is  a simplifi- 
cation of  tha  actual  phenomena  it  reproduces  the  esMntial 
features  of  transient  cavitation.  Computational  results  ob- 
tained for  a variety  of  piping  arrangements  demonstrate  the 
versatility  of  tha  approach,  and  clearly  illustrate  the  fact 
that  neglecting  cavitation  leads  to  erroneous  pressure  - time 
loadings  in  the  piping  systems.  Comparisons  of  calculated 
results  with  available  experimental  data,  for  a simple  piping 
arrangement  are  provided. 


PLATES  AND  SHELLS 

(Also  see  Nos.  667,  7111 


78-699 

Dynamic  Buckling  of  Sheila:  Evaluation  of  Various 
Methods 

V.  Svalbonasand  A.  Kalnins 

Engrg.  Dept.,  The  Franklin  Inst.  Research  Labs., 
Philadelphia,  PA  19103,  Nucl.  Engr.  Des.,  44_  (3), 
pp  331-356  (Dec  1977)  16  figs,  1 table,  33  refs 

Key  Words:  Shells,  Dynamic  buckling.  Computer  programs 

The  purpow  of  this  paper  is  to  compare  and  evaluate  tome 
methods  of  analysis  for  dynamic  buckling  of  shells  by  apply- 
ing them  to  a specific  problem.  A shallow  q>herlcal  cap, 
subjected  to  an  axisymmatrlc,  uniform-pressure,  nap  loading, 
it  used  as  the  nructural  example.  The  approximate  methods 
used  by  Akkas  are  compered  to  the  more  rigorous  and 
general  solutions  of  the  KSHEL,  STARS,  DYNASOR.  and 
SATANS  computer  programs,  and  the  various  simplifying 
assumptions  utilized  are  evaluated. 


78-700 

Experimental  Evaluation  of  Seiamic  Design  Methods 
for  Broad  Cylindrical  Tanks 

D.P.  Clough 

Ph.D.  Thesis,  Univ.  of  California,  Berkeley,  259  pp 
(1977) 

UM  77-31 ,322 

Key  Words:  Cylindrical  bodies.  Storage  tanks.  Fluid-filled 
containers.  Seismic  excitation 

The  current  Mitmic  design  approach  for  cylindrical  tanks 
it  prtnnted  in  detail,  and  its  application  in  a typical  design 
situation  is  illustrated.  Records  of  tanks  damaged  in  four 
earthquakes  are  examined,  and  a relatively  high  earthquake 
vulnerability  it  found  in  tanks  with  height  greater  than 
radius.  It  is  concluded  that  present  Mitmic  design  methods 
neglect  the  most  important  aspects  of  Mitmic  retponw  in 
‘broad"  tanks.  Considerations  In  tha  development  of  more 
refined  analytical  models  which  account  for  uplift  from  the 
foundation  and  coupled  liquid -structure  vibration  in  cross- 
section  distortion  modes  are  discussed. 


78-701 

Vibration  Characteristics  of  Imperfect  Cylindrical 
Shells  with  Rigidly  Fixed  Ends 

C.A.  Yoerkie 

Ph.D.  Thesis,  The  Univ.  of  Connecticut,  109  pp 
(1977) 

UM  77-31 ,239 

Key  Words:  Cylindrical  shells.  Geometric  imperfection 
effects.  Vibration  ratponm 

The  effects  of  a particular  geometric  imperfection  in  the 
form  of  a well  thickneM  eccentricity  in  a thin  cylindrical 
shell  are  evaluated  with  respect  to  vibrations.  The  thickneM 
of  the  cylinder  it  a function  of  circumferential  position.  The 
study  jlto  includes  experimental  work  with  cylinders  having 
eccentricities  of  19%  and  66%. 


78-702 

Dynamics  and  Failure  of  Cylindrical  Shells  Subjected 
to  Axial  Impact 

G.  Maymon  and  A.  Libai 

Technion-lsrael  Inst,  of  Tech.,  Haifa,  Israel,  AIAA 
J..  15  (ID,  PP  1624-1630  (Nov  1977)  10  figs,  4 
tables,  1 1 refs 

Key  Words:  Cylindrical  thellt,  Axial  axdtetlon.  Failure 
analysis 

Time  histories  of  the  expected  values  of  stresses  and  rsdial 
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displacements  in  imperfect.  ciotaly  ipacad,  tt  Iff  an  ad  cylin- 
drical shells  subjected  to  axial  Impact  were  analyiad.  Tha 
analyses  wara  baaed  on  Donnail-typa  equations  for  tha 
dynamic*  of  (tiffanad  (and  unttiffened)  cylindrical  ihallt 
with  assumed  statistical  distributions  of  tha  initial  imper- 
factions,  laading  to  a statistical  dascription  of  tha  raiponta. 
An  engineering-oriented  failure  criterion  was  utilized  for 
practical  purposes.  A specially  constructed  computer  pro- 
gram was  utilized  for  presenting  several  numerical  parametric 
studies  of  axially  stiffened  shells  Of  interest  it  tha  apparent 
existence  of  an  optimal  size  of  stiffening. 


78-703 

Response  of  Grcular  Plate*  to  Central  Pulse  Loading 

A.L.  Florence 

SRI  International,  Menlo  Park,  CA  94025,  Inti.  J. 
Solids  Struc..  13  (11).  pp  1091-1102  (1977)  7 figs, 
7 refs 

Kay  Words:  Plates,  Circular  plates,  Pufta  excitation 

An  analysis  it  presented  for  tha  response  of  a damped 
circular  plate  subjected  to  a rectangular  puls* 'uniformly 
distributed  over  a central  circular  area.  Tha  plate  is  rigid- 
perfectly  plastic  with  yielding  according  to  tha  Johansen 
criterion  and  tha  associated  flow  rule.  Bending  it  assumed  to 
b*  tha  predominant  response.  Simple  formulas  were  ob- 
tained for  tha  permanent  central  deflection  for  all  pressures 
and  loaded  areas 


78-704 

Increase  of  the  First  Natural  Frequency  and  Buckling 
Load  of  Plates  by  Optimal  Fields  of  Initial  Stresses 

F.G.  Rammerstorter 

Inst.  f.  Allgemeine  Mechanik,  Tech.  Univ.  Wien, 
Karlsplatz  13.  A- 1040  Wien,  Austria,  Acta  Mech., 
27  (14),  pp  217-238  (1977)  7 figs,  17  refs 

Key  Words:  Plates,  Circular  plates.  Natural  frequency. 
Fundamental  frequency 

This  paper  deals  with  tha  problem  of  maximizing  tha  funda- 
mental frequency  of  structures  by  optimizing  fields  of  initial 
stresses  without  varying  the  given  appropriate  shape  of  the 
structure.  Thin  elastic  circular  and  rectangular  plates  art 
considered.  They  may  b*  loaded  by  external  inplane  forces 
Optimal  initial  mam  brine  stress  fields  are  calculated  which 
produce  values  of  tha  first  natural  frequency  of  the  free 
bending  vibrations  tt  high  at  possible.  The  optimal  fields 
of  initial  stresses  of  the  buckling  plates  are  calculated  as 
extreme  cates  in  the  same  manner. 


78-705 

Vibrations  of  Highly  Prestreased  Anisotropic  Plates 
Via  a Numerical-Perturbation  Technique 

R.L.  Ramkumar,  M.P.  Kamat,  and  A.H.  Nayfeh 
Dept,  of  Engrg.  Science  and  Mech.,  Virginia  Poly- 
technic Inst,  and  State  Univ.,  Blacksburg,  VA  24061, 
Inti.  J.  Solids  Struc.,  13  (11),  pp  1037-1044  (1977) 
1 table,  10  refs 

Key  Words:  Membranes,  Circular  plates.  Anisotropy,  Flexur- 
al vibration.  Perturbation  theory.  Finite  element  technique 

The  method  of  matched  asymptotic  expansions  was  used 
to  reduce  the  problem  of  the  transverse  vibrations  of  a highly 
prestressed  anisotropic  plat*  into  the  simpler  problem  of  the 
vibration  of  an  anisotropic  membrane  with  modified  bound- 
ary conditions  that  account  for  the  bending  effects.  In  the 
absence  of  an  exact  solution  the  membrane  problem  can  be 
solved  by  any  well-known  numerical  technique.  The  numeri- 
cal-perturbation results  for  a clamped  circular  plate  with 
rectangular  orthotropy  and  a uniform  tensile  stress  epplied 
on  its  boundary  show  an  excellent  correlation  with  finite- 
element  solutions  for  the  original  problem.  Furthermore, 
the  solutions  obtained  for  annular  plates  form  the  basis  for 
solutions  to  problems  involving  near-annular  plates. 


78-706 

Vibration  Analysis  of  Heated  Plates 

B.O.  Almroth.J.A.  Bailie,  and  G.M.  Stanley 
Lockheed  Missiles  and  Space  Co..  Inc.,  Sunnyvale, 
CA.,  AIAA  J.,  15  (12),  pp  1691-1695  (Dec  1977) 
8 figs,  12  refs 

Key  Words:  Plates,  Aircraft  wings.  Natural  frequencies, 
Mod*  shapes 

A study  hat  been  carried  out  of  the  free  vibrations  of  a solid- 
wing  structure  with  a diamond-shaped  profile.  Vibration 
frequencies  end  modes  are  obtained  at  different  levels  of  the 
temperature,  which  is  distributed  in  a way  that  it  typical 
for  such  wings  at  high  speed. 


78-707 

Analytical  and  Experimental  Investigation  of  the 
Free  Vibrations  of  Clamped  Plates  of  Regular  Poly- 
gonal Shape  Carrying  Concentrated  Masses 

J.L.  Pombo,  P.A.A.  Laura,  R.H.  Gutierrez,  and 
D.S.  Steinberg 

Inst,  of  Appl.  Mechanics,  Base  Naval  Puerto  Belgrano. 
8111  Argentina,  J.  Sound  Vib.,  55  (4),  pp  521- 
532  (Dec  22. 1977)  9 figs,  1 table,  12  refs 
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Key  Words:  Plates,  Natural  fraquanciai.  Mode  shapes 

This  papar  presents  a comparison  of  frequency  raaultt  ob- 
tainad  by  maant  of  analytical,  numerical  and  experimental 
methods  in  the  caaa  of  the  fundamental  mode  of  tranawaraa 
vibration  of  a clamped,  regular  polygonal  plate  carrying 
concantrated  masaat.  It  i>  shown  that  it  it  also  possible  to 
obtain  an  approximate  value  of  the  frequency  corresponding 
to  a higher  moda  by  using  an  analytical  approach  (with 
no  concantrated  mass  acting  on  the  plate). 


78-708 

Application  of  the  TRPLTl  Element  to  Large  Am- 
plitude Free  Vibrations  of  Plates 

C Mei  and  J.L.  Rogers,  Jr. 

Vought  Corp.,  Hampton,  VA„  In:  NASA  Sixth 
NASTRAN  Users'  Colloq..  pp  275-298  (1977)  refs 
N78- 12462 

Kay  Words:  Plates,  NASTRAN  (computer  program).  Flexur- 
al vibration.  Finite  element  technique 

A finite  element  formulation  is  developed  for  analyzing  large 
amplitude  free  flexural  vibrations  of  thin  plates  in  NAS- 
TRAN. Stress  distributions  in  tha  plate,  in  addition  to 
deflection  shapes  and  nonlinear  frequencies  are  determined. 
Linearized  aquations  of  motion  governing  large  amplitude 
oscillations  of  plates  and  a linearized  geometrical  stiffness 
matrix  are  presented.  The  solution  procedure  and  conver- 
gence characteristics  are  discussed. 


STRUCTURAL 

(Also  see  No.  67c) 


78-709 

Effect  of  Beam  Strength  and  Stiffneaa  on  Dynamic 
Behavior  of  Reinforced  Concrete  Coupled  Walls. 
Volume  1:  Text 

J.M.  Lybasand  M.A.  Sozen 

Dept,  of  Civil  Engrg.,  Illinois  Univ.  at  Urbana-Cham- 
paign.  IL,  Rept.  No.  STRUCTURAL  RESEARCH 
SER-44-Vol-l.  UILU-ENG-77-2016-VOI-1,  256  pp 
(July  1977) 

PB-273  876/3GA 

Kay  Words:  Walls,  Reinforced  concrete,  Seismic  excitation. 
Earthquake  resistant  structures 

This  project  attempted  to  develop  an  understanding  of  the 
response  of  reinforced  concrete  coupled  wall  systems  to 
seismic  loading.  Five  test  structures  (approximately  one- 


twelfth  scale)  were  subjected  to  one  component  of  the 
earthquake  base  motion  measured  at  El  Centro,  California 
(1940).  The  bate  motions  were  strong  enough  to  cause 
yielding  of  the  test  structures.  A sixth  test  structure  was 
subjected  to  slowly  applied  cyclic  lateral  loading.  An  analy- 
tical study  of  the  static  hytteretic  response  of  the  test  struc- 
tures n«  undertaken.  Equivalent  viscous  damping  factors, 
consistent  with  the  calculated  overall  structure  hysteresis 
relation,  were  determined.  The  variation  of  damping  factor 
with  response  mode  and  response  amplitude  was  studied. 
The  feasibility  of  simulating  the  observed  dynamic  responses 
with  a linear  viscously  damped  analytical  model  was  inves- 
tigated. Both  response-spectrum  analyses  and  response- 
history  analyses  were  performed.  Finally,  the  experimental 
results  were  compared  with  the  results  of  the  analytical 
studies. 


78-710 

Effect  of  Beam  Strength  and  Stiffneaa  on  Dynamic 
Behavior  of  Reinforced  Concrete  Coupled  Walls. 
Volume  2:  Tables  and  Figures 

J.M.  Lybasand  M.A.  Sozen 

Dept,  of  Civil  Engrg.,  Illinois  Univ.  at  Urbana-Cham- 
paign,  IL,  Rept.  No.  STRUCTURAL  RESEARCH 
SER-444-VOI-2.  UILU-ENG-77-2016-Vol-2  , 340  pp 
(July  1977) 

PB-273  877/IGA 

Key  Words.  Walls,  Reinforced  concrete,  Seismic  excitation. 
Earthquake  resistant  structures.  Experimental  results 

This  volume  contains  tables  and  figures  relevant  to  the  text 
of  the  report  presented  in  Volume  1 (see  abstract  number 
78-709). 


78-711 

The  Application  of  Dynamic  Plastic  Analysis  to 
Problems  of  Structural  Impact 

O.M.  Shawa 

Ph.D.  Thesis,  Univ.  of  California,  Berkeley,  190  pp 
(1977) 

UM  77-31 ,535 

Key  Words:  Structure!,  Beams,  Plates,  Impact  response 
(mechanical),  Dynamic  plasticity 

A rapid  and  approximate  method  for  determining  the  prob- 
able performance  of  structures  and  structural  systems  subject 
to  impact  or  impulsive  loadings  is  described.  Problems 
treated  include  simple  models  of  beams  and  plates,  both  with 
and  without  backing  materials.  The  method  can  be  applied 
to  a wide  variety  of  structural  elements  and  systems  in 
design  and  analysis  as  well  as  to  experimental  setups  for 
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response  to  inspect  by  projectiles  with  velocities  in  the 
bellistic  range  (100-400  ft./sec.l. 


78-712 

Elutodynunic  Response  of  a Wedge  to  Surface 
Pressures 

J.D.  Achenbach  and  R.P.  Khetan 
Dept,  of  Civil  Engrg.,  Northwestern  Univ.,  Evanston, 
IL  60201,  Inti.  J.  Solids  Struc..  13  (11),  pp  1157- 
1171  (1977)  5 figs,  14  refs 

Key  Words:  Wedges,  Elastodynamic  response 

An  elastic  wedge  of  interior  angle  KJt,  where  1 < K ^ 2. 
is  subjected  to  the  impact  of  spatially  uniform  pressures 
on  its  faces.  The  application  of  the  pressures  produces  a 
system  of  longitudinal  waves,  transverse  waves  and  head 
waves.  In  this  paper  the  elastodynamic  stress  singularity  in 
the  circumferential  stress  at  the  vortex  of  the  wedge  is 
analyzed. 


SYSTEMS 


ABSORBER 

(Also  see  No.  657) 


78-713 

One-Shot  Shock  Absorbers 

J.A.  Kirk  and  N.  Overway 

Univ.  of  Maryland,  College  Park,  MO,  Mach.  Des., 
49  (24),  pp  152-157  (Oct  20,  1977) 

Key  Words:  Energy  absorption.  Shock  absorbers 

The  types  and  design  of  nonrecover  able  energy  absorbers 
is  described.  Such  absorbers  convert  kinetic  energy  into 
heat,  eliminating  spring  back. 


78-714 

A Non-Linear  Free-Piston  Dynamic  Vibration  Ab- 
sorber 


H.M.  Miller 

Ph.D.  Thesis,  The  Univ.  of  Connecticut,  174  pp 
(1977) 

UM  77-31,201 

Key  Words:  Dynamic  vibration  absorption  (equipment) 

Past  history  of  linear  and  nonlinear  dynamic  vibration 
absorber  investigations  are  reviewed  in  this  dissertation.  It 
describes  an  unique  design  of  a dynamically  tunable  vibration 
absorber  which  suspends  the  absorber  mass  on  two  opposing 
air  springs.  This  absorber  alto  incorporates  means  for  main- 
taining approximately  equal  volumes  in  each  of  the  two  air 
springs  suspending  the  absorber  mass.  Design  parameters 
are  discussed,  and  a prototype  absorber,  which  successfully 
attenuated  87%  of  the  acceleration  of  the  main  mass  at 
resonance,  is  described. 


78-715 

Breakaway  Link  Assembly  for  Maintaining  a Struc- 
tural Alignment  of  Shock-Sensitive  Equipment 

R.H.  Duchild 

Dept,  of  the  Navy,  Washington,  D.C.,  PAT-APPL- 
833  121/GA,  19  pp  (Sept  1977) 

AD-D004  381/0 

Key  Words:  Equipment  mounts 

Resilient  shock  absorbers  cushion  the  force.  The  absorbers 
also  function  to  subsequently  return  the  block  to  its  locked 
position  and  realign  the  structure.  The  detent  profile  in- 
cludes a shallow-angle  peripheral  ramp  to  facilitate  realign- 
ment. 


78-716 

Energy  Absorbing  Highway  Barrier  Material  Investi- 
gations 

R.L.  Stoughton,  D.M.  Parks,  J.R.  Stoker,  and  E.F. 
Nordlin 

Transportation  Lab.,  California  State  Dept,  of  Trans- 
portation, Sacramento,  CA.,  Rept.  No.  636405, 
141  pp  (June  1977) 

PB-273  827/6GA 

Key  Words:  Guardrails,  Concrete,  Energy  absorption 

This  project  concentrated  on  developing  a vermiculite  con- 
crete crash  cushion  for  use  in  gore  areas  on  elevated  bridge 
structures  to  replace  hazardous  concrete  wedge  shaped 
blocks  which  served  as  terminals  at  the  intersection  of 
converging  bridge  rails. 


NOISE  REDUCTION 

(Also  see  Nos,  852.  ((/;>.  d/4,  «02,  727. 
745,  74U,  750.  752,  7b:t) 


•ml  an  Indication  ot  tha  lava!  ol  achievement  produced  by 
tha  modai  n daslyn  faaturas  and  nolsa  control  provisions. 


i 


78-717 

A Model  o(  ( low  Kilting  Acoustical  K.itrlomirea 

L ,W  Tweed  and  D.R.  I roo 

Hitv  W Herrick  Leboratoiios,  Purdue  Univ.,  West 
Lafayette,  IN  47907,  Proc  NOISI  CON  77,  NASA. 
Langley  Nos,  Ctr . . Hampton,  VA,  i>p  .110  .1.(0  (Oct 
17  19.  1977)  H tills,  8 tots 

Kay  Wonts  Mathematical  mortals.  Enclosures,  Nolsa  raduc 
tkrn 

This  pat>ai  dascilhas  savaial  mathematical  models  used  In 
tha  daslyn  ot  paitlally  01  totally  llttlny  acoustical  anclosuias, 
a itanvatlon  ol  a new  modal  used  In  this  study,  ami  a com 
(teuton  ol  tha  lesulla  horn  this  model  with  measuiad  data 


78-718 

Internal  ('.oiiitmation  Cnginr  K.xltaust  Mul'fliiin 

M .1  Crocket 

School  ol  Much  I ngtg  . Hay  VV  Huiiick  Lalioialoiios, 
t’uidno  llmv  , West  lalayuttu,  IN  *17907.  Pioc 
NOISI  Cl 'N  77.  NASA  l angley  Hus.  Cti  . Hampton, 
VA  . (>p  ,UI  ,198  (Oct  1 7 19.  1977)  Id  fujs.  (58  tots 

Kay  Wonts  (nylne  nolsa,  Mullleis.  Nolsa  leductlon 

This  papal  reviews  the  exlttlny  theories  used  in  multlei 
daslyn  ami  also  discusses  lacant  advances  and  piotilams 
still  to  tie  solved 


78-710 

It  ail  Transit  System  Notar  Control 

G P Wilson 

Wilson.  Hn it)  .Si  Associates,  Inc  . SfiOb  ( Venn  View 
Hi  . Oakland,  CA  94(518,  Pipe.  NOISt  CON  77. 
NASA  t angley  Hus  Ct'  , Hampton,  VA,,  pp  .’47 
.’!)(( (Oct  1 7 It)  1977)  !>  figs.  4 tables 

Kay  Wools  Hall  tianapottatlon,  Nolsa  control 

Tha  puiposa  ot  this  patrai  Is  to  presant  a pioyrass  raport 
amt  review  of  tha  nolsa  peiformanca  characteristics  which 
have  been  achieved  by  the  new  tall  tiansit  system  facilities 
amt  vehicles  Incorpoiallny  the  noise  control  provisions. 
Data  from  other  older  transit  facilities  ami  equipment  aie 
also  presented  to  provide  compel  Isotr  ot  the  noise  levels 


78-720 

Active  I.u|uhI  Silencers  in  Oil  Hydraulics 

.1  Robot 

VOI  119  (19),  pp  937-943  (1977)  11  tigs,  10  ruts 

Key  Words:  Hydreullc  systems,  Nolsa  reduction 

Pressure  oscillations  In  hydraulic  systems  (oil  hydraullcal 
drives  ami  controls)  can  propagate  lo  all  •laments  ol  Iha 
circuit  ami  excite  these  ami  also  tha  attached  worklny  ma 
chine  to  vlbiatlons.  These  vibrations  may  result  directly  In 
reduclny  tha  wotklny  quality  and  tha  functional  ability  ot 
tha  machine.  If  tha  vibrations  ot  thalr  hai  monies  are  radiated 
as  air  sound,  this  leads  to  an  Increased  nolsa  ammlstlon  ol 
lire  plant.  This  contribution  Is  devoted  to  axpailmantal 
results  which  ware  obtained  by  uslny  active  liquid  sound 
silencers.  Thereby  very  considerable  nolsa  reductions  could 
he  achieved 


78-721 

A Kcacarclt  I’ropam  to  Reduce  Interior  Nttiae  in 
Ceueral  Aviation  Airplanes 

,1  Moskum,  V U.  Muirhttiul,  H.W.  Smith.  T.O.  I’us 
ohiut.  D.  Dutenbutyei , k Vandani,  and  I Shu 
Cun tui  tot  Research.  Inc,  Kansas  Univ.,  Lawrence, 
kS  8(5044,  Kept.  No  NASA  CR  lbhlh-1.  ktl  1 151 
31  7 h,  78  pp  (Oct  1977) 

N 7 7 ,5.59 b9 


Key  Wonts 
Ail  ci  alt 


Sound  tiansmlsslon  loss.  Acoustic  Insulation, 


Analytical  ami  seml-empIrlcal  methods  tot  dataiminlny  tha 
tiansmlsslon  ol  soumt  throuyh  Isolated  panels  amt  pradlctlny 
panel  tiansmlsslon  loss  aia  dascrlbad.  Test  results  presented 
Include  tha  Intluanca  ot  plats  stltfnau  amt  mast  amt  tha 
attacts  ol  pratsut nation  and  vlbietlon  damplny  material, 
on  sound  transmission  characteristics.  Measured  ami  pie 
dieted  results  are  presented  In  tablet  amt  yrapht. 


ACTIVE  ISOLATION 

(Also  tee  No.  742) 


78-722 

Structural  Aspects  of  Active  Controls 

AGARO,  Palis,  I i unco,  Ropt  No 


AGARO CP 


68 


' 1 '""""I' J 
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228,  ISBN  92 88b 0200 00,  102  pp  (Auo  10//) 
Ptoc,  of  44th  Mty  of  AGARD  Stniel  nnd  Matin 
Patwl,  Lisbon,  Apt  21.  1977 
(In  i nglish  and  f tonch) 

N77  33208 

Key  Words:  Aircraft  vibration.  Flutter,  Active  lluttei  control 

Design  and  Implementation  I acton  regarding  flight  contiol 
systems  ata  reviewed.  Fluttar  suppression  system  tailing  ii 
discussed,  Including  wind  tunnal  taifi,  ai  wall  ai  actual  flight 
tests.  Tha  impact  flight  command  itahllity  tyitani  on  altcraft 
dynamic  rewwnse  It  considered 


78-723 

Airplane  Math  Modeling  Method*  l»r  Active  ( on  I ml 
Design 

K.L.  Royoi 

Boning  Co,.  Wichita,  KS.  In  AG  A ML)  Stiuctuial 
Assets  of  Activd  Controls,  1 1 PP  (Aug  107  7) 

N77  33212 

Kay  Wonli:  Alrciaft  vibration,  Actlva  lluttai  control 

Salactad  analytical  mathodi  aia  daicilbad  which  ata  useful 
and  practical  In  math  modalmg  foi  aliplana  actlva  contiol 
•yitam  dailgn.  A technique  tor  writing  state  equations  It 
pratantad  which  It  tuitabla  tor  Incorporating  lifting  turfaca 
aarodynamlc  solutions.  An  acononrlcal  mat  hod  of  computing 
unttaady  aarodynamlc  influanca  matrlcat  It  pratantad  for 
Una  doubtatt  amt  plata  doublatt,  tha  lattar  utabla  at  any 
Mach  numbar.  An  aconomical  way  to  analvra  three-diman 
tlonal  turbulanca  and  a convanlant  way  of  utlng  dailgn 
crltarla  in  n-dimantlont  ara  pratantatf  to  aid  in  datlgnli  g tor 
ttatlttical  paitoimanca. 


78-724 

Wind  Tunn<4  Study  of  an  Active  Flutter  Supprcaanrn 
System 

H DdsUiyndtri 

Div  tin  Rinhorcho.  Offitxi  Nationol  dt  tuiftis  tit  rlc 
Rodum-hos  Aarospatinlos  Pans  f rnnon,  In  AGARD 
Stiuctuml  Aspocts  of  Active  Controls,  i>  pp  (Aug 
19771 

N77  33215 

Kay  Wonli  Actlva  fluttar  control.  Wing  itorai.  Aircraft, 
Wind  tunnal  tain 

Actlva  tluttar  control  wai  taitad  In  a wind  tunnal  on  a 
modal  ol  wing  carrying  an  avtarnal  tank  Tha  aarodynamlc 
torcai  of  tha  control  lyitain  wata  ganaralad  by  a claulcal 


allaton,  pllolad  by  a mlnlatutiiad  tarvo  control  from  a ngnal 
lnuad  by  an  accalaromatar  datacting  tha  wing  movamanl 
A ilngla  control  law  wai  used  In  tha  whola  valocity  rang* 


78-725 

Active  Flutter  Suppression  of  an  Airplane  with  Wing 
Mounted  K.xtcrnal  Store* 

M Hotmlingoi 

Uotomtihiiurnslirildich  I lugrougc  Biitislr  Ait  etc!  It 
Cv'tp  . I ilton,  Dh  In  AGARD  Stun  tuml  Asptvls 
of  Activt*  Controls,  Ihpp  (Any  19/71 
N77  3321  I 

K*y  Wordi  Auctaft  vibration.  Fluttar,  Wing  itorai,  Actlva 
fluttar  control 

A wing  nor  a tluttar  suppression  lyitam  wnh  itora  mountart 
vanes  war  designed  Tha  system  wai  provart  affactiva  whan 
Implamantad  and  flight  taatad  on  a fiat  U 81  TJ  aircraft 
Tha  ralativaly  small  vanat  utarl  wara  vary  attactlva  in  con 
tiolllng  tluttar  and  thalr  uta  dkt  not  altar  aircraft  Might 
mechanical  chai actar Inlet. 


78  72b 

A Practical  Optuiiiiio  Selection  Procedure  (or  a 
Motivator  in  Active  Flutter  Suppression  System 
Design  on  an  Aircraft  with  Fnderwing  Stores 

MR  1 ui  ntn  miii  C.G  Lodge 

Coinmnicirtl  An  emit  Div  Biitislr  Aiicmft  Coip 
1 ilton,  UK  In  AGARD  Stiuctural  Asivvls  of 
Active  Contiols,  19  pp  (Aug  1977) 

N 7 7 3320(1 

Kay  Wonli  Alrciatt  vibiatlon.  Fluttai,  Wing  surras.  Actlva 
fluttar  control 

Thaoratlcal  actlva  fluttar  control  of  a vai labia  twaap  wing 
with  axtatnal  ttorat  with  toui  combination!  ol  ttoia  con 
llguiatlon/wlng  twaap/Mach  numtrai  wai  ttudiarf  l iacntcally 
modiflad  output!  of  a ttructura  rnountad  transducer  war* 
uteri  to  drive  an  airnlllaiy  control  tutlar'a  on  the  wing  or 
ttoia.  Tha  bait  tiantducei /force  potitioni  on  tha  wing  and 
ttoiat  war*  found  using  Nygultt  plott,  representing  the 
control  turfaca  loads  by  point  forcat.  I ha  obiect  wai  to  tea 
It  a common  active  fluttai  control  lyitam  utlng  a control 
turfaca  on  tha  wing  could  Ira  found  tor  a langa  of  ttoiat. 
Mach  numbait  ainf  wing  twaap  angles 


AIRCRAFT 

(Also  ana  Not  b.ttt  tMO  873  87-1  878  7iHl  7.M, 
722,  723  724.  72b.  728  7b8t 
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78-727 

Noiae  Component  Method  (or  Airframe  Noiae 

M R.  Fink 

United  Technologies  Res.  Center,  Silver  Lane,  East 
Hartford.  CT  06108,  Proc.  NOISE-CON  77.  NASA 
Langley  Res.  Ctr.,  Hampton,  VA.,  pp  397-412 
(Oct  17-19. 1977)  10  figs.  20  refs 

Kay  Words:  Aircraft  noise.  Noise  reduction 

Currant  advances  in  the  reduction  of  the  noise  from  fans 
and  propeller  installations  are  reviewed. 


78-728 

Reaulta  of  Concorde  Monitoring 

J.E.  Densmore 

Federal  Aviation  Administration,  800  Independence 
Ave.,  S.W.,  Washington,  D.C.  20591,  Proc.  NOISE- 
CON  77.  NASA  Langley  Res.  Ctr.,  Hampton.  VA., 
pp  155-164  (Oct  17-19, 1977)  2 figs,  4 tables 

Key  Words:  Aircraft  noise.  Supersonic  frequencies.  Noise 
generation.  Acoustic  excitation 

Air  France  and  British  Airways  were  given  permission  to 
conduct  limtied  scheduled  commercial  flights  of  the  Con- 
corde supersonic  transport  into  the  United  States  for  a 
trial  period  not  to  exceed  16  months.  Results  of  noise  mea- 
surements and  the  opinions  of  residents  are  given. 


78-729 

Normal  Modes  Vibration  Analysis  of  the  JT9D/747 
Propulsion  System 

J.L.  White  and  E.S.  Todd 

Boeing  Commercial  Airplane  Co..  Seattle,  WA,  J. 
Aircraft,  Ji5J1),  pp  28-32  (Jan  1978)  9 figs,  6 refs 

Key  Words:  Propulsion  systems.  Aircraft  engines.  Mathe- 
matical models,  Natural  frequencies.  Mode  shapes 

The  results  of  an  exploratory  research  program  on  structural 
integration  of  aircraft  propulsion  systems  are  reported.  The 
need  for  cooperative  analysis  by  the  engine  end  airframe 
menufacturers  is  discussed.  The  procedures  for  executing 
a multicompany,  integrated  vibration  analysis  are  described. 
The  model  was  evaluated  by  correlation  with  available  test 
data. 


78-730 

Analyu  of  Lateral  Dynamic  Stability  of  an  Airplane 


with  Deformable  Control  Systems.  Part  II.  Numeri- 
cal Analysis 

Z.  Dzygadlo  and  E.  Piotrowski 
Polish  Academy  of  Sciences,  Inst,  of  Fundamental 
Technological  Research,  Warszawa,  Poland,  J.  Tech- 
nical Physics,  18  (3),  pp  347  358  (1977  ) 7 figs,  10 
refs 

Key  Words:  Aircraft,  Dynamic  stability.  Numerical  analysis 

The  results  of  numerical  calculations  of  the  lateral  dynamic 
stability  of  an  airplane  with  moving  control  units  are  pre- 
sented. Elasticity  and  damping  in  control  systems,  and  the 
effect  of  the  unbalance  on  the  control  systems  are  con- 
sidered. 


78-731 

Dynamic  Model  of  a Deformable  Aircraft  for  Natural 
Vibration  Analysis  by  the  Finite  Element  Method 

Z.  Dzygadlo  and  J.  Blaszczyk 
Polish  Academy  of  Sciences,  Inst,  of  Fundamental 
Technological  Research,  Warszawa,  Poland,  J.  Tech- 
nical Physics.  _18.  (2),  pp  219-229  (1977)  3 figs, 
6 refs 

Key  Words:  Aircraft,  Mathematical  models,  Neturel  fre- 
quencies, Finite  element  technique 

A dynamic  model  of  a deformable  aircraft  is  presented  for 
studying  natural  frequencies  and  modes  of  vibration.  A 
one-dimensional  discretization  of  deformable  structural 
units  by  means  of  finite  elements  is  used. 


78-732 

An  Exposition  on  Aircraft  Response  to  Atmospheric 
Turbulence  Using  Power  Spectral  Density  Analysis 
Techniques 

E.W.  Turner 

Air  Force  Flight  Dynamics  Lab.,  Wright -Patterson 
AFB,  OH,  Rept.  No.  AFFDL-TR-76-162,  73  pp 
(May  1977) 

AD-A046  108/7GA 

Kay  Words:  Aircraft,  Power  spectra.  Mathematical  models. 
Turbulence 

The  traditional  power  spectral  density  design  procedure  is 
reviewed.  The  evolution  of  modeling  atmospheric  turbulence 
is  traced  from  the  discrete  gust  to  the  present  continuous 
representation.  The  modeling  of  an  aircraft  structure  at  e 
lumped  parameter  linear  system  excited  by  oscillatory  air 


70 
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forest  it  outlined,  end  tolutiont  to  the  resulting  equetlons 
of  motion  art  indicated. 


78-733 

Impact  of  a Command  and  Stability  Augmentation 
System  on  Gust  Response  of  a Combat  Aircraft 

K.D.  Collmann  and  0.  Sensburg 
Vereinigte  Flugtechnische  Werke-Fokker  G.m.b.H., 
Bremen,  West  Germany,  In:  AGARD  Structural 
Aspects  of  Active  Controls,  17  pp  (Aug  1977) 
N77-33210 

Key  Words:  Aircraft,  Wind-induced  excitation 

To  get  reasonable  results  for  gust  response  calculations  it 
is  necessary  to  introduce  the  elastic  aircraft  behavior  as 
well  as  the  Command  and  Stability  Augmentation  System 
(CSAS)  into  the  mathematical  model.  It  is  demonstrated 
how  calculation  results  are  influenced  by  using  aerodynamic 
interference  air  forces;  the  influence  of  the  CSAS  is  then 
presented. 


78-734 

Flutter  Analyse  of  a Glider  Made  of  Synthetic 
Materials 

P C.  Hensing 

NASA,  Washington,  DC.,  Rept.  No.  NASA-TM- 
75160,  38  pp  (Oct  1977)  refs  (Transl.  into  English 
from  Flutteranalyse  van  een  Kunststof  Zweefulieg- 
tuig  (Delft),  UTH-187,  35  pp,  Sept  1974) 

N78  12012 


(Oct  1976) 

PB-273  279/OGA 

Key  Words:  Buildings,  Earthquake  resistant  structures. 
Vibration  tests.  Mathematical  models 

As  a part  of  a continuing  program  to  evaluate  the  dynamic 
response  of  actual  structures  and  to  accumulate  a body  of 
information  on  the  dynamic  properties  of  structures,  es- 
pecially when  these  structures  have  novel  design  features, 
a dynamic  test  program  was  conducted  on  the  forty-story 
Century  City  Theme  Tower  building.  The  dynamic  tests 
of  the  building  included  both  a forced  vibration  study  and 
an  ambient  vibration  study. 


FOUNDATIONS  AND  EARTH 

(Also  see  No.  666) 


78-736 

Better  Waya  to  Repair  Machinery  Foundations 

E.M.  Renfro 

Adhesive  Services  Co.,  Houston.  TX,  Hydrocarbon 
Processing,  57  (1),  pp  95-98  (Jan  1978)  9 figs, 
5 refs 

Key  Words:  Machine  foundations.  Turbomachinery,  Vibra- 
tion control 

Most  turbomachinery  it  mounted  on  structural  steel  plat- 
forms sometimes  referred  to  as  bate  plates  or  skids.  Vibra- 
tion problems  caused  by  improper  installation  and  insuffi- 
cient mass  and/or  rigidity  of  these  platforms  are  discussed 
In  the  article. 


I 


I 


Key  Words:  Gliders,  Flutter 

A description  of  the  flutter  behavior  of  the  Standard  Cirrus 
is  given.  Steady  vibration  tests  were  conducted,  and  vibration 
and  flutter  calculations  were  made. 


BUILDING 

(Also  see  No.  679) 


78-735 

Dynamic  Behavior  of  a Multistory  Triangular-Shaped 
Building 

J Petrovski,  R.M.  Stephen,  E.  Gartenbaum,  and 
J.G.  Bouwkamp 

Earthquake  Engrg.  Res.  Center,  California  Univ., 
Richmond,  CA.,  Rept.  No.  EERC-76-3,  138  pp 


78-737 

Dynamic  Response  of  Rectangular  Foundations  to 
Obliquely  Incident  Seismic  Waves 

H.L.  Wong  and  J.E.  Luco 

Dept,  of  Civil  Engrg.,  School  of  Engrg.,  Univ.  of 
Southern  California,  Los  Angeles,  CA,  Inti.  J Earth 
quake  Engrg.  and  Struc.  Dynam.,  _6_  ( 1 ) , pp  3-16 
(Jan-Feb  1978)  9 figs,  2 tables,  24  refs 

Key  Words:  Foundations.  Seismic  excitation,  Interaction: 
soil-structure 

A study  is  made  of  the  harmonic  response  of  a rigid  massless 
rectangular  foundation  bonded  to  an  elastic  half-space  and 
subjected  to  the  action  of  both  external  forces  and  obliquely 
incident  plana  seismic  waves.  The  associated  mixed  boundary 
value  problem  is  discretized  and  solved  numerically 


t 
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Dynamic  Interaction  of  a Foundation  and  an  Elaatk 
Halfspace  (Dynamiache  Wechaelwirkung  eines  Funda- 
mentes  mit  dem  Viakoelastischen  Halbraum) 

L.  Gaul 

Lehrstuhl  B f.  Mechanik,  Technische  UniversitSt 
Hannover,  West  Germany,  Ing.  Arch,,  46  (6),  pp  401- 
422  (1977)21  figs,  28  refs 

Kay  Words:  Interaction:  soil-foundation 

Tha  dynamics  of  soil-foundation  interactions  has  to  be 
included  in  calculating  the  response  of  dynamically  loaded 
footing-supportad  structures.  Vertical  and  rocking  vibrations 
of  an  arbitrarily  shaped  rigid  base  resting  on  the  surface  of 
a viscoelastic  halfspaca  are  considered.  A three-dimensional 
dynamic  stress  boundary  value  problem  is  solved  using  a 
continuum  approach.  Based  on  this  solution  one  can  cal- 
culate by  means  of  linear  superposition  spring  and  damping 
coefficients  of  a lumped-parameter  modal  for  tha  halfspaca, 
tha  actual  pressure  distribution  at  the  interface  between 
base  and  soil  as  wall  as  tha  wave-propagation  in  the  vicinity 
of  the  excitation. 


78-739 

Development  of  Seismic  Design  Criteria  for  Category 
1 Cofferdams 

S.  Chakrabarti,  A.D.  Husak,  P.P.  Christiano,  and 

D. E.  Troxell 

E.  D'Appolonia  Consulting  Engrg.,  Inc.,  10  Duff 
Rd.,  Pittsburgh,  PA  15235,  Nucl.  Engr.  Des.,  45 
(1),pp  277-283  (1978)  1 fig,  10  refs 

Kay  Words:  Dams,  Seismic  design 

Design/analysis  parameters  are  suggested  for  evaluating 
extreme  condition  seismic  loading,  i.e.,  tha  Safa  Shutdown 
Earthquake  ISSE).  Included  among  tha  parameters  are: 
active  and  passive  dynamic  earth  pressure  coefficients; 
location  of  groundwater  and  free  water  surfaces  to  be  used 
In  conjunction  with  tha  SSE;  tha  coefficient  of  friction 
acting  at  tha  interface  between  tha  fill  material  within  tha 
call  and  tha  material  on  which  tha  call  it  founded;  dynamic 
pressure  distributions  due  to  groundwater  and  free-standing 
water  adjacent  to  tha  structure;  vertical  and  horizontal 
coefficients  of  seismic  acceleration.  In  addition,  tha  con- 
sequences of  postulated  liquefaction  of  adjacent  materials 
are  invest igatsd,  and  measures  are  suggested  to  adjust  tha 
analysis  to  accomodate  such  an  occurrence.  Among  tha 
postulated  failure  conditions  which  are  considered  under 
seismic  loading  are  tha  following:  sliding,  overturning, 
slippage  between  tha  sheeting  and  tha  call  fill,  shear  failure 
along  tha  centerline  of  tha  call,  Cummings  method  of  hori- 
zontal shear,  and  interlock  strength. 


HUMAN 


78-740 

Guideline  for  Ride-Quality  Specifications  Based  on 
TRANSPO  ‘72  Teat  Data 

W.C.  Caywood,  H.L.  Donnelly,  and  N.  Rubinstein 
Applied  Physics  Lab.,  Johns  Hopkins  Univ.,  Laurel, 
MD,  Rept.  No.  UMTA-MD-06-0022-77-3.  46  pp 
(Oct  1977) 

PB-273  272/5GA 


Kay  Words:  Rida  dynamics.  Human  response 

Ride-quality  acceleration  measurements  and  tha  ride-jury 
comfort  ratings  that  ware  recorded  during  tha  Post-TRANS- 
PO  72  test  program  are  examined  for  possible  use  in  es- 
tablishing standards  for  tha  ride-quality  of  Automated 
Guideway  Transit  systems.  Tha  four  TRANSPO  systems, 
tha  techniques  used  for  making  tha  ride-comfort  tests,  and 
data  processing  and  analysis  methods  are  described.  Results 
are  presented  for  tha  vibratory  motions  associated  with 
travel  at  a constant  spaed  over  a straight  guideway  and  tor 
transient  events  associated  with  starting  and  stopping,  tra- 
versing switch  areas,  and  entering  and  exiting  curves. 


METAL  WORKING  AND  FORMING 


78-741 

Mechanic*  of  Cutting  and  Boring.  Part  6.  Dynamic* 
and  Energetic*  of  Transverse  Rotation  Machine* 

M.  Mellor 

Cold  Regions  Res.  and  Engrg.  Lab.,  Hanover,  NH, 
Rept.  No.  CRREL-77-19, 45  pp  (Aug  1977) 

AD-A045  127/8GA 


Kay  Words:  Machine  tools.  Dynamic  response 

Tha  report  deals  with  forces  and  power  levels  In  cutting 
machines  having  a disc  or  drum  that  rotates  about  an  axis 
perpendicular  to  tha  direction  of  advance.  Tha  forces  on 
individual  cutting  tools  are  related  to  position  on  tha  rotor 
and  to  characteristics  such  as  tool  layout,  rotor  spaed, 
rotor  size,  machine  advance  spaed,  and  rotor  torque.  In- 
tegration leads  to  expressions  for  fore*  components  acting 
on  tha  rotor  axis,  taking  Into  account  tool  characteristics, 
cutting  depth  of  the  rotor,  and  rotor  tortjua.  That*  provide 
attimatat  of  tractive  thrust  and  thrust  normal  to  tha  pri- 
mary fra*  surface. 
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78-742 

Development  of  a Qusuu-Moment  Damper 

M.  Mochizuki,  N.  Tominari,  and  H.  Takahashi 
On-Life  Research  Co.,  Ltd.,  3-8-6,  Ginza,  Chuo-ku, 
Tokyo.  Japan,  Bull.  JSME.  20  (148),  pp  1261-1268 
(Oct  1977)  22  figs,  1 table,  2 refs 

Kay  Wonts:  Machine  tools.  Chatter,  Quasi-moment  dampers. 
Active  damping 

One  of  the  major  obstacles  to  raising  the  work  efficiency 
of  the  machining  process  using  a machine  tool  in  the  past 
was  the  phenomenon  of  chattaring.  Several  factors,  con- 
ceivable as  the  causes  of  chatter  are  discussed.  This  paper 
includes  the  experimental  results  and  theoretical  analysis 
of  a ram  provided  with  a quasi-moment  damper. 


78-743 

Regenerative  Chatter  in  Cylindrical  Plunge  Grinding 

I.  Inasaki,  K.  Tonou.and  S.  Yonetsu 
Faculty  of  Engrg.,  Keio  Univ.,  Yokohama,  Japan, 
Bull.  JSME,  20  (150),  pp  1648-1654  (Dec  1977) 
1 1 figs,  7 refs 

Kay  Words:  Chatter,  Grinding  (materiel  removal),  Saif 
excited  vibration 

Seif-excited  vibrations  in  grinding  caused  by  the  regenerative 
affect  of  workpiece  surface  and  grinding  wheel  surface  are 
theoretically  investigated.  The  limit  of  stability  and  the  rate 
of  chatter  increase  era  analyzed  by  calculating  the  root  of 
characteristic  aquation  of  the  system.  Prom  the  results, 
soma  useful  data  are  drawn  for  selecting  the  adequate  grind- 
ing condition. 


PUMPS,  TURBINES,  FANS, 
COMPRESSORS 

(Also  see  No.  689) 


78-744 

Some  Advances  in  Design  Techniques  for  Low  Noise 
Operation  of  Propellers  and  Fans 

R.E.  Hayden 

Bolt  Beranek  and  Newman,  lnc„  50  Moulton  St., 
Cambridge,  MA  02138,  Proc.  NOISE-CON  77, 
NASA  Langley  Res.  Ctr.,  Hampton,  VA,  pp  381- 
396  (Oct  17-19,  1977)  10  figs,  2 tables,  15  refs 

Kay  Words:  Pans,  Propellers,  Noise  reduction 


Several  new  approaches  to  reducing  the  sources  of  "self- 
noise"  of  propellers  and  fans  operating  In  proper  aerody- 
namic environments  ara  discussed. 


78-745 

Effects  of  Simulated  Flight  on  Fan  Noise  Suppression 

M.F.  Heidmann  and  D.A.  Dietrich 

Lewis  Res.  Center.  NASA,  Cleveland,  OH,  Rept.  No. 

NASA-TM-73708;  E-9247, 34  pp  (Oct  1977) 

Sponsored  by  AIAA 

N77-32157 

Kay  Words:  Fans,  Noise  reduction 

Attenuation  properties  of  three  treated  fan  inlets  ware 
evaluated.  Tunnel  flow  Simula  tad  the  inflow  clean-up  affect 
on  source  noise  observed  in  flight  and  allowed  observation 
of  the  blade  passage  frequency  tone  cut-off  phenomenon. 


78-746 

Duct  Effects  on  the  Dynamic  Fan  Characteristics  of 
Air  Cushion  Systems 

M.J.  Hinchey  and  P.A.  Sullivan 

Inst,  for  Aerospace  Studies,  Toronto  Univ.,  Ontario, 

Canada,  Rept.  No.  UTIAS-TN-21 1;  CN-ISSN-0082- 

5263, 49  pp  (June  1977)  refs 

N78-12Q30 

Kay  Words:  Pant,  Ducts,  Vibration  remonse,  Mathematical 
models.  Finite  difference  theory.  Method  of  characteristics 

During  dynamic  operation  of  an  air  cushion  system,  the  fan 
operating  point  at  teen  at  the  cushion  it  described.  It  is 
shown  that  loop  type  behavior  can  be  predicted  theoreti- 
cally. The  theory  models  the  fan-duct-plenum  system  as  a 
one  dimensional  acoustic  vibration  system.  Methods  of 
solution  are  reviewed. 


78-747 

Improved  Dynamic  Modeling  of  a Space-Shuttle 
Turbo-Pump 

D.A.  Evensen  and  J.D.  Chrostowski 

J.H.  Wiggins  Co.,  SAE  Paper  No.  770960,  5 figs, 

4 tables,  6 refs 

Kay  Words:  Pumps,  Mathematical  models.  Computer  pro- 
grams 

The  dynamic  response  of  turbo-pumps  hat  traditionally  bean 
modeled  mathematically  using  electrical  networks.  A recently 
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developed  computer  program  ii  uaad  herein  to  adjutt  the 
model  parameters  of  the  electrical  network  In  an  attempt 
to  bring  the  analytical  response  of  the  network  into  closer 
agreement  with  newly-available  experimental  results.  Results 
are  presented  for  a fully-wetted  (non-cavitating)  test  of  a 
Space-Shuttle  Turbo-Pump  and  a significant  improvement 
in  the  dynamic  model  is  achieved. 


RAIL 

(Also  see  Nos.  639,  719) 


78-748 

A Comparative  Study  of  the  Ride  Quality  of  TRACV 
Suspension  Alternatives 

R.A.  Luhrs 

Air  Force  Inst,  of  Tech.,  Wright -Patterson  AFB,  OH, 
Rept.  No.  AFIT-CI-78-2, 125  pp  (Sept  1977) 
AD-A046  565/8GA 

Key  Words:  Ground  effect  machines.  Mass  transportation. 
Suspension  systems  (vehicles).  Mathematical  models 

A linear,  unconstrained  perturbation  model  for  the  Tracked 
Ram  Air  Cushion  Vehicle  (TRACV)  is  developed.  This  model 
is  the  result  of  theoretical  expressions  for  the  TRACV 
which  have  been  verified  by  wind  tunnel  and  towed  model 
tests.  The  basic,  passively  suspended,  and  actively  suspended 
vehicles  are  analyzed  to  determine  root  mean  squared  values 
for  vertical  acceleration  in  the  foremost  and  rearmost  seats 
in  the  passenger  cabin,  gap  variation  at  the  front  and  rear 
winglet  areas,  and  control  deflection.  The  acceleration 
spectral  density  of  each  of  the  vehicle  types  is  compared 
to  the  Urban  Tracked  Ram  Cushion  Vehicle  standard.  The 
active  control  system  is  analyzed  to  see  if  a reduced  set  of 
sensors  may  achieve  acceptable  ride  quality  based  on  the 
above  measures. 


78-749 

Wheel/Rail  Noiae:  The  State-of-the-Art 

P.J.  Remington 

Bolt  Beranek  and  Newman,  Inc.,  50  Moulton  St., 
Cambridge,  MA  02138,  Proc.  NOISE -CON  77, 
NASA  Langley  Res.  Ctr.,  Hampton,  VA.,  pp  257 
284  (Oct  17-19.  1977)  19  figs,  1 table,  60  refs 

Key  Words'.  Interaction:  rail-wheel.  Noise  reduction,  Rail 
transportation 

State-of-the-art  review  of  wheel-rail  noise  is  presented.  The 
general  categories  of  squeal  noise,  rolling  noise  and  impact 
noise  are  surveyed.  Gaps  in  understanding  of  the  generation 
and  control  of  wheel/rail  noise  are  discussed.  Noise  from 


squeal,  impact,  and  rolling  it  discussed.  Information  on  the 
effectiveness  of  various  techniques  for  noise  control  It 
reviewed. 


78-750 

Field  Evaluation  of  Wheel/Rail  Noiae  Control 

H.J.  Saurenman 

Wilson  Ihrig  & Associates,  Inc.,  P.O.  Box  2900, 
Oakland,  CA  94618,  Proc.  NOISE-CON  77,  NASA 
Langley  Res.  Ctr.,  Hampton,  VA.,  pp  285-292 
(Oct  17-19, 1977)  3 figs,  2 tables 
Sponsored  by  the  Urban  Mass  Transportation  Admin. 

Key  Words:  Rail  transportation,  Noiae  reduction.  Inter- 
action: rail-wheel 

Interim  results  from  a field  evaluation  of  three  methods 
of  controlling  wheel/rail  noise  are  presented  in  this  paper. 
The  three  methods  are:  use  of  resilient  wheels,  truing  wheel 
running  surfaces,  and  grinding  the  rail  running  surface. 


RECIPROCATING  MACHINE 

(Also  see  No.  729) 


78-751 

The  Partial  Coherence  Technique  for  Source  Iden- 
tification on  a Diesel  Engine 

R.J.  Alfredson 

Dept,  of  Mech.  Engrg.,  Monash  Univ.,  Clayton, 
Victoria,  Australia  3168,  J.  Sound  Vib.,  55_  (4), 
pp  487-494  (Dec  22, 1977)  5 figs,  10  refs 

Key  Words:  Diesel  engines.  Noise  source  identification, 
Engine  noise 

The  partial  coherence  technique  was  applied  to  a diesel 
engine  in  an  attempt  to  Identify  the  significant  radiating 
surfaces.  The  technique  gave  insight  to  which  areas  were 
not  important  radiating  surfaces  rather  than  those  which 
were.  Further  experience  and  development  is  needed  for 
the  partly  coherent  multi-source  situation. 


78-752 

State-of-the-Art  of  Turbofan  Engine  Noiae  Control 

W.L.  Jones  and  J.F.  Groeneweg 
Lewis  Res.  Center,  NASA,  Cleveland,  OH,  Proc. 
NOISE-CON  77,  NASA  Langley  Res.  Ctr.,  Hampton, 
VA.,  pp  361-380  (Oct  17-19.  1977)  25  figs,  22  refs 


Key  Word*:  Turbofan  anginas.  Engine  noise.  Noise  reduction 

This  paper  reviews  the  state  of  the  art  of  turbofan  noise 
control.  The  fan  stage  of  the  high  bypass  engines  is  identified 
as  the  dominant  noise  source.  Existing  end  new  methods  of 
reducing  fan  source  noise  as  well  at  suppression  by  acoustical 
treatment  are  discussed.  Some  experimental  results  of  sup- 
pressors. designed  by  new  spinning  mode  theory  methods, 
and  a bulk  absorber  design  were  compared.  Noise  sources 
other  than  fan  noise  are  also  identified  and  discussed. 


ROAD 

(Also  see  Nos.  638,  639.  672) 


78-753 

Highway  Noise  Control  • A State  of  the  Art  Review 

S.E.  Dunn 

Florida  Atlantic  Univ.,  Boca  Raton.  FL  33431, 
Proc.  NOISE-CON  77,  NASA  Langley  Res.  Ctr., 
Hampton.  VA,  pp  293-306  (Oct  17-19,  1977)  32 
refs 

Key  Words:  Highway  transportation.  Traffic  noise,  Noise 
reduction 

The  following  aspects  of  highway  noise  control  are  dis- 
cussed in  the  paper:  criteria  for  the  description  of  highway 
noise  impect,  development  and  use  of  highway  noise  environ- 
mental impact  assessment  methodologies,  and  identification 
and  use  of  faaaible  abatement  or  mitigation  measures. 


ROTORS 

(Also  see  Nos.  667,  685) 


78-754 

Steady-State  Unbalance  Response  of  a Three-Disk 
Flexible  Rotor  on  Flexible,  Damped  Supports 

R.E.  Cunningham 

Lewis  Res.  Center,  NASA,  Cleveland,  OH,  Rept. 
No.  NASA-TM-X-73666;  E-9091-1,  42  pp  (Sept  29. 
1977) 

N77-33160 

Kay  Words:  Rotors,  Flexible  supports,  Ball  bearings.  Critical 
speeds.  Unbalanced  mats  response,  Squeeze  film  dampers 

Experimental  data  are  presented  for  the  unbalance  response 
of  a flexible,  ball  bearing  support  ad  rotor  to  speeds  above  the 
third  lateral  bending  critical.  Values  of  squeeze  film  damping 
coefficients  obtained  from  measured  data  are  compared  to 


theoretical  values  obtained  from  short  bearing  approximation 
over  a frequency  range  from  5000  to  31000  cycles/min. 
Experimental  response  for  an  undamped  rotor  is  compared 
to  that  of  one  having  oil  squeeze  film  dampers  at  the  bear- 
ings. Unbalance  applied  varied  from  0.62  to  15.1  gm-cm. 


SELF-EXCITED 


78-755 

An  Analyse  of  Self-Excited  Vibrations  Where  the 
Effects  of  Machine  Characteristics  are  Considered 

J.  Zahradka 

Research  Inst,  of  CKD  Praha,  Ceskomoravska  205, 
190  02  Praha  9,  Czechoslovakia,  Mech.  and  Mach, 
Theory,  12[  (1).  pp  57-73  (1978)  17  figs,  6 refs 

Key  Words:  Self-excited  vibrations.  Machinery 

This  paper  deals  with  the  analysis  of  self-excited  vibrations 
in  a nonlinear  system  with  two-degrees-of-freedom  where 
machine  characteristics  are  taken  into  account.  Most  atten- 
tion is  given  to  determining  the  stability  boundaries  of  the 
system,  given  by  a limiting  value  of  damping  coefficient, 
which  will  ensure  system  stability  for  a given  ratio  of  mo- 
ments inertia.  The  theoretical  results  are  applied  to  the 
practical  problem  of  the  dynamics  of  the  axle-driving  system 
for  diesel-electric  locomotives  under  conditions  where  the 
adhesion  limit  is  exceeded. 


78-756 

Existence  and  Stability  of  Self-Excited  Vibrations 
with  Impacts 

F.  Peterka 

Inst,  of  Thermo  mechanics,  Czechoslovak  Academy 
of  Sciences,  Puskinovo  nam.  9,  160  00  Praha  6, 
CSSR,  Mech.  and  Mach.  Theory,  1_3  (1),  pp  75-83 
(1978)  8 figs,  2 refs 

KeyWords:  Self-excited  vibrations 

The  different  types  of  the  conditions  of  existence  of  the 
motion  of  two-mass  nonlinear  system  are  investigated.  The 
nature  of  the  various  boundaries  of  existence  is  explained 
with  the  aid  of  the  amplitude  characteristics  of  the  relative 
motion  of  the  bodies.  A study  is  alto  made  of  the  depen- 
dence of  the  impact  velocity  on  the  system's  parameters. 
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78-757 

Stochastic  Analysis  of  Ship-Dynamic  R espouses 

Y.  Chen 

Ph.D.  Thesis.  Univ.  of  California.  Berkeley,  152  pp 
(1977) 

UM  77-31.316 

Kay  Word*:  Ship*.  Water  wave*,  Stochastic  processes 

A general  theory  of  ah  ip  dynamic*  in  random  *aa*  it  devel- 
oped. The  analyiii  covert  the  tteady-ttate  wave-induced 
retponw  and  the  tran*ient-*tate  damming  response.  Wave- 
induced  response  include*  both  the  low-frequency  rigid- 
body  mode*  (nakeeping)  end  the  high-frequency  hull  flexur- 
al mode*  lapringing).  The  atrip  theory  of  Salveten,  Tuck, 
and  Faltinaen  i*  uaad  to  detarmine  tha  hydrodynamic  force*. 


78-758 

On  the  Nature  of  Resonance  in  Non-Conservative 
Systems 

I.  Fawzy  and  R.E.D.  Bishop 

Dept,  of  Mech.  Engrg.,  Univ.  of  Cairo,  Cairo,  Egypt, 

J.  Sound  Vib.,  55  (4),  po  475-485  (Dec  22,  1977) 
<t  figs,  1 table,  10  refs 

Key  Word*:  Ship*,  Aircraft,  Modal  analyd*,  Reaonant 
frequency 

Resonant  vibration  it  commonly  excited  in  *hipt  and  aircraft 
e«  a meant  of  invettigating  the  variation  of  effective  damping 
- a.g.,  with  change*  of  ipaed.  Such  syitemt  at  ship*  and 
aircraft  are  "non-conservative"  and  the  only  axitting  linear 
theory  governing  their  behavior  under  neer-retonant  condi- 
tion* it  temi-empirical.  This  theory  it  examined  in  the  term* 
of  modal  analyd*  and  varioui  a*pa ct»  of  it*  nature  are  point- 
ed out.  A dight  revidon  of  previou*  theory  a*  to  the  form  of 
polar  plot*  appear*  to  be  in  order. 


SPACECRAFT 


78-759 

Experimental  Studies  of  the  Space  Shuttle  Payload 
Acoustic  Environment 

A.G.  Piersol  and  P.E.  Rentz 

Bolt  Beranek  and  Newman,  Inc.,  SAE  Paper  No. 
770973, 19  figs,  2 tables,  6 refs 

Key  Word*:  Space  shuttle*,  Noiia  reduction.  Scaling 

Two  series  of  experiment*  were  conducted  to  reduce  the 
uncertaintfet  concerning  the  Space  Shuttle  payload  bay 


acounic  environment.  Ten*  udng  a one-fifth  scale  model 
■bowed  large  change*  In  level  below  1 26  Hi  with  the  intro- 
duction of  typical  payload*.  The  change*  were  etaociated 
with  particular  acouitic  model  behavior  and  were  sensitive 
to  the  type  of  acouatic  excitation.  Another  aerie*  of  experi- 
ment* evaluated  the  nolle  reduction  of  the  first  orbiter 
vehicle. 


78-760 

Response  of  Space  Shuttle  Surface  Insulation  Panda 
to  Acoustic  Pressure 

R.  Vaicaitisand  E.H.  Dowell 

Columbia  Univ.,  New  York,  NY,  J.  Spacecraft  and 
Rockets,  14.  (12),  pp  739-746  (Dec  1977)  4 figs. 
7 tables,  17  refs 

Kay  Word*:  Panels,  Heat  shields.  Acoustic  excitation. 
Free  vibration.  Shuttle*  (spacecraft) 

The  free  vibration  characteristic*  and  dynamic  response 
of  reusable  space  shuttle  surface  insulation  panels  to  acoustic 
random  pressure  fields  are  studied.  A Raylelgh-Ritz  tech- 
nique is  used  at  the  basic  analytical  approach  in  formulating 
the  governing  equations  of  motion. 


78-761 

747  Shuttle  Carrier  Aircraft/Space  Shuttle  Orbiter 
Mated  Ground  Vibration  Teat:  Data  Via  Transient 
Excitation  and  Fast  Fourier  Tran  dorm  Analysis 

N.L.  Olsen  and  M.J.  Walter 

The  Boeing  Company,  SAE  Paper  No.  770970, 
9 figs,  2 tables,  6 refs 

Key  Words:  Space  shuttles.  Vibration  tests.  Fast  Fourier 
transform 

The  experimental  procedure  employed  to  define  the  natural 
modes  of  vibration  of  the  747  Shuttle  Carrier  Aircraft  and 
Space  Shuttle  Orbiter  mated  configuration  it  described.  A 
discussion  of  test  results  and  comparison  to  structural  analy- 
sis results  it  also  included.  Random  transient  signals  were 
used  as  inputs  to  electromagnetic  shakers  to  provide  excita- 
tion to  the  mated  vehicle  test  configuration. 


78-762 

Flutter  Tests  of  the  Mated  747  Shuttle  Carrier 
Aircraft-0  rbiter 

L.V.  Andrew 

Space  Div.,  Rockwell  International,  SAE  Paper  No. 
770971,21  figs,  3 tables,  6 refs 
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Key  Words:  Space  shuttles.  Flutter 

Flutter  tests  of  the  mated  747  shuttle  carrier  arlcraft-orbiter 
are  discussed.  The  monitored  telemetered  data  on  real- 
time displays  are  described.  The  safety  criteria  It  applied 
during  buffet  tests.  The  instrumentation  and  telemetering 
of  orbiter  date  are  treated  for  both  the  unpo wared  (Inert) 
and  the  powered  up  (active)  orbiter. 


78-763 

Effect*  of  Flow  Separation  on  Shuttle  Longitudinal 
Dynamic*  and  Aeroelastic  Stability 

J.P.  Reding  and  l.E.  Ericsson 
Lockheed  Missiles  & Space  Co.,  Sunnyvale,  CA„ 
J.  Spacecraft  and  Rockets,  14  (12),  pp  711-718 
(Dec  1977)  15  figs,  37  refs 

Key  Words:  Shuttles  (spacecraft).  Fluid-induced  excitation. 
Aerodynamic  stability 

The  longitudinal  dynamic  and  se rosiest Ic  stability  charac- 
teristics of  various  shuttle  configurations,  investigated  at 
transonic  speeds,  are  reported. 


STRUCTURAL 

(Also  see  No.  647) 


78-764 

Response  Analysis  of  Floating  Structure* 

M.K.  Kaul 

Nuclear  Services  Corp.,  Campbell,  CA  95008,  ASCE 
J.  Engr.  Mech.  Div.,  103  (EM6),  pp  1023-1034 
(Dec  1977)  1 1 figs,  2 tables,  4 refs 

Key  Words:  Off-dtore  structures,  Floating  structures.  Water 
waves.  Interaction:  fluid-structure 

The  dynamic  response  of  a floating  structure  may  be  ob- 
tained either  by  analysing  the  complete  fluid-structure  sys- 
tem or  by  a simpler  method,  in  which  the  hydrodynamic 
effects  ere  accounted  for  by  the  inclusion  of  added  mass. 
Since  the  added  mess  of  a floating  structure  is  dependent  on 
the  frequency  of  its  oscillation,  the  traditional  use  of  * 
constant  added  mess  Is  large  over  the  frequency  range  of 
Interact.  A method  to  construct  an  equivalent  model  for  the 
fluid-structure  system  In  such  cases,  for  the  time  domain 
response  analysis  of  the  floating  structure,  it  presented  in 
this  paper. 


TRANSMISSIONS 


78-765 

Balt  Deformation  in  V-Be)t  Drive*  Under  Dynamic 
Loading 

D.L.  Cronin  and  D.W.  Mertz 

Dept,  of  Mech.  and  Aerospace  Engrg.,  Univ.  of 
Missouri-Rolla,  Rolla,  MO  65401,  Exptl.  Mech., 
12  (12),  pp  463-467  (Dec  1977)  7 figs,  11  refs 

Key  Words:  V-belts,  Dynamic  response 

Recent  theoretical  work  permits  a characterization  of  loads 
in  the  cord  layer  of  operating  V-beltt.  Experimental  evidence 
corroborating  theory  hat  been  limited.  Such  evidence  hat 
been  collected  and  it  presented  in  this  paper.  Empirical 
relationships  describing  how  peek  strains  across  and  along 
the  belt  occurring  during  an  operating  cycle  vary  with  pre- 
load, transmitted  torque,  pulley  diameter  and  speed  are 
given. 


TURBOMACHINERY 

(Also  see  No.  641 ) 


78-766 

T urbomMchinery  Problems:  Cause*  and  Cures 

J.S.  Sohre 

Turbomachinery  Consultant,  Ware,  MA  01082, 
Hydrocarbon  Processing,  56  (12),  pp  77-84  (Dec 
1977)  11  figs,  9 refs 

Key  Words:  Turbomachinery,  Unbalanced  mats  response. 
Alignment,  Resonant  response.  Critical  meed.  Torsional 
response 

This  article  uses  the  case  history  approach  to  illustrate  the 
most  common  types  of  turbomachinery  problems  found  in 
field  operation.  The  problems  investigated  are  unbalance, 
distortion,  misalignment,  resonance,  critical  meed  and 
torsionals. 
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